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ABSTRACT

Flavobacterium aurantiacum (Exiguobacterium aurantiacum) has been

shown to remove aflatoxins from solution, although the mechanism for this
elimination is not known in detail. This investigation was undertaken to

determine substrate specificity and inducibility of aflatoxin degrading activity in F.
aurantiacum cultures. Finally, the cellular fraction exhibiting aflatoxin degrading
activity was isolated.

Cells were preincubated for 24 h in 5.0 and 0.5 Mg/ml of aflatoxin Bj(ABj)
to serve as an induced inoculum. The induced inoculum was compared to non-

induced cells grown in tryptic soy broth only. AB^ removal of initial
concentrations of 4.0 and 2.0 Mg/ml was determined over 212 and 53 h of

incubation, respectively, by high performance liquid chromatography. When F.
aurantiacum was induced with 5.0 Mg AB^/ml and tested against 4.0 Mg/ml, the
non-induced population increased more rapidly during the initial 12 h of

incubation. However, the induced population removed 23% more AB^ during this
period. Decreasing the preincubation ABj concentration tenfold (0.5 Mg/ml)
followed by testing at 2.0 Mg/ml resulted in both a slower population growth and
58% less ABj removal during the initial 12 h of incubation. Chromatograms
indicated that AB^ removal by F. aurantiacum was a stepwise process producing

two or more intermediates. Since non-induced cultures metabolized ABj without
a lag period, a constitutive enzyme(s) seems to be involved. Preincubation in the

higher AB^ concentration probably resulted in selection of an AB^ tolerant
population explaining the rapid removal of toxin by the induced cells.

Substrate specificity of F. aurantiacum to eight forms of aflatoxin (B^, Gj,
Bj, G2, Mj, M2, Qi and RJ was determined. All forms except

were

irreversibly removed from broth by the organism, although at varying degrees of
efficiency. When ABj and AG^ (2.0-8.0 Mg/ml each) were tested in combination,
AGi was preferentially removed. This was, again, seen when AB2 and AGj(1.04.0 Mg/nil each) were tested simultaneously. The bacterium removed AB^ and
AB2 more efficiently when the toxins were tested individually. Degradation of
ABj and AG^ resulted in the production of at least one intermediate compound
for each toxin as observed in chromatograms.
A F. aurantiacum culture was cultivated for 24 h followed by separation

into cell-free extract (extracellular components), cytosol and membrane cellular

fractions. Each of these components was tested for AB^ degrading activity during
48 h of incubation at 30 °C. The cell-free extract removed only 16% of AB^

(initial concentration of 2.0 /xg/ml). From an initial AB^ level of 5.0 /xg/ml, the
cytosol fraction effectively removed 99% of the toxin, whereas, only 27% was
removed by the membrane component. It was concluded that the cytosol fraction

of F. aurantiacum cells may be a valuable source of an aflatoxin degrading
enzyme(s) which is constitutively produced by the organism.
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CHAPTER I

INTRODUCTION

Agriculture faces many problems on a worldwide basis. These include the

use of pesticides and other chemicals that are looked upon by several groups
disfavorably, restrictions and bans on some antibiotics in animal production,
agricultural economic uncertainties such as price support systems and
international trade policies, and the ever present uncertainty of nature itself. Vast

population increases on a worldwide scale and the need to feed these people in
an effective and efficient manner thrusts the science of agriculture to the
forefront. It was estimated in 1986 that nearly two billion people do not have
enough to eat and that as many as 10,000 people die daily from lack of nutrition

(10). Sadly, some of the world's hunger problems are political and can only be
alleviated by our humanitarian pressures. Scientists must focus their efforts on
providing an adequate food supply that meets the world's needs in terms of
quantity, quality, safety and accessability.

Mycotoxin contamination of various food commodities is an agricultural
problem faced by scientists and producers worldwide. These compounds are toxic

fungal metabolites that occur as a group of chemically diverse contaminants in a
wide variety of feed and food substrates (3). Most notable of the mycotoxins,
aflatoxins are produced by the molds Aspergillus flavus, A. parasiticus and A.
nominus (5). Aflatoxin

is of greatest concern of the more than ten chemical

forms of aflatoxins due to its natural and common occurrence in a wide spectrum
of agricultural commodities. This form has the highest toxicity and is the most
potent chemical carcinogen yet discovered (11).
The Food and Agriculture Organization (FAQ) estimates that 25% of the

world's food crops are affected by mycotoxins annually (6). In the United States
and other affluent countries, the main concerns with aflatoxin contamination of
food commodities arise from economic losses. This is due to the surveillance and

regulatory programs that ensure that the foodstuffs we consume are safe. Cost

associated with rigorous sampling and analysis is a major contributor to the
economic losses. Other economic losses are rejected or devalued commodities,
costs associated with decontamination efforts, decreased plant and animal

production, and increased health care costs. International regulatory standards
also increase production and exportation costs and can discriminate against
developing countries (3).
Even more important than economic losses are the human health concerns

arising from ingestion of mycotoxin contaminated foods. Acute aflatoxicosis from

foods is unlikely for citizens of the United States since our food supply is highly
regulated. However, the long term chronic effects of ingestion of very low levels
of aflatoxins is still unknown. In developing countries, the scene may be tragically
different. Social and environmental conditions substantially increase the
likelihood of aflatoxin poisoning, both acute and chronic. Warm and humid

environmental conditions favor fungal development in many crops and regulatory

systems are lacking. Often, hunger forces people to consume highly undesirable

foods. In these situations, variety is missing in the diet and a food staple may be
highly prone to aflatoxin contamination. In countries where health care and

nutrition are lacking, conditions such as high incidences of hepatitis B virus (3)
and severe protein deficiencies (4) seem to enhance aflatoxin's toxicity and
carcinogenicity.

Removal of aflatoxins from food commodities has been attempted, with
varying degrees of success, by three different approaches. Physical methods

include sorting out pieces showing fungal growth or fluorescence. Physical
destruction of aflatoxin has been attempted with little success by irradiation and
by heat treatment (7). Many problems are encountered with chemical

decontamination of aflatoxins in foods. Any chemical treatment of a food must

not only reduce the level of contaminants but also avoid the generation of
harmful by-products. At the same time, the treatment must retain the effective

food value of the product (9). Several chemical processes have removed
aflatoxins from foodstuffs; however, palatability is often reduced and costs are

often restrictive. Biological methods of aflatoxin removal have been investigated
to a much lesser extent and, at this point, have been only novel approaches to the
problem. One bacterium, Flavobacterium aurantiacum, has been shown to remove

aflatoxin from solution effectively and irreversibly (2). Some species of fungi also
are capable of removing aflatoxin B^. Generally, these biological degradations are

considered to be enzymatic processes and they may offer a gentle, specific

alternative to current chemical and physical detoxification schemes (1).
Bhatnagar et al. (1) stated that biological detoxification may be a future tool to
remove or reduce the threat of aflatoxins in the food supply by techniques such as
genetic engineering and recombinant DNA methods to produce plant varieties
capable of inherently detoxifying mycotoxins. This type of an approach may be
several years in the making; however, an isolated enzyme could lend itself to
immobilization techniques that might prove useful in decontamination of some
products such as milk. Similar approaches have been successful in removal of

environmental toxicants from solution by Flavobacterium (8).
The overall objective of this research was to gain insight into the
mechanism of biodegradation of aflatoxin by Flavobacterium aurantiacum in order
to lay the groundwork for possible applied approaches in the biological removal of

aflatoxins from foodstuffs. Specifically, this investigation was an effort to
characterize F. aurantiacum's ability to biodegrade aflatoxins in terms of substrate

specificity, effect of environmental conditions, inducibility of degrading activity,
and determination of degrading activity within cellular fractions.
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CHAPTER II
REVIEW OF LITERATURE

Aflatoxins have been investigated over the last three decades to such an
enormous extent that a comprehensive review of the subject is far from the scope

of this text. The vast abundance of research stems from the proven
carcinogenicity of aflatoxins in several genera of animals, along with their
common occurrence in foods and feedstuffs throughout the world. The majority
of aflatoxin research has focused on occurrence and control, detection methods,
and animal toxicity.

HISTORY AND OCCURRENCE OF AFLATOXINS

History of aflatoxicosis

The discovery of aflatoxins followed extensive losses of turkey poults in the
United Kingdom in early 1960. The disease syndrome was called "Turkey X
Disease" and was characterized by rapid deterioration of condition, subcutaneous

hemorrhaging, and death. Postmortem examination indicated pale, fatty, necrotic
livers and biliary proliferation. Losses with other fowl were similar. Outbreaks

also were seen in pigs, calves, and trout. The common factor to all of these

occurrences was the incorporation of Brazilian peanut meal into rations as a
protein supplement (7).

In 1960, the Central Veterinary Laboratory, Weybridge, isolated the toxic
substances from peanut meal by methanol and chloroform extraction. Two

fluorescent spots, one blue and one green, occurred in thin layer chromatography
and were called aflatoxins B and G, respectively (7). The toxin was found to be

produced by Aspergillus flavus and A. parasiticus. Recently, an atypical form of A.
flavus that produces aflatoxin has been named A. nominus (33). Other
commodities such as cottonseed meal and corn were incriminated at

approximately the same time in the 1960's as sources of aflatoxins in disease

outbreaks in several countries (7).
Natural occurrence of aflatoxins

Aflatoxins contaminate many crops (Table 2.1). Commodities with the

highest incidence of contamination are corn, peanuts, cottonseed, brazil nuts,

pistachio nuts, and copra (30). Crops such as figs, raisins, spices, and other tree
nuts are implicated also, although at a lesser degree. Aflatoxins are found in the

field before harvest in many commodities and can, subsequently, increase during
postharvest drying or storage (24). In the field, crops including soybeans, beans,
cassava, grain sorghum, millet, wheat, oats, barley, and rice are seldom
contaminated with aflatoxin. However, all of these commodities can become toxic

when stored under conditions of high moisture and temperature (16). Aflatoxins

can contaminate stored products even in the absence of field contamination (16).

TABLE 2.1. Occurrence of aflatoxins in foods and feeds imported into the
United States from 1982-1986 (16).
No.

Commodity

No. with

contaminiated

aflatoxin

Max.

samples

>20 ng/g

(ng/g)

Human foods
Almonds
Brazil nuts

26

2

372

123

10

133

Filberts

113

1

60

Peanuts

20

8

273
803

Peanut products

87

56

Pistachio
Melon seeds

17

12

298

28

17

299
123

Pumpkin seeds

11

6

Sesame seeds
Simflower seeds

2

1

22

1

1

179

Chilies

9

1

Nutmeg
Paprika

30

5

2

27

1

0

3

Cashew bar

1

0

10

Coffee beans
Corn flour

1

0

14

1

0

6

Lotus seed

1

0

Marzipan
Cocoa products

5

2

1

30

2

1

Pipitora candy
Pipian paste

37

3

1

26

3

3

78

Calve barrel noodles

1

0

Chili powder

2

1

0

5

Corn meal

1

1

126

263

Animal feeds

Copra pellets

25

25

Corn

4

3

158

Cottonseed meal

6

2

753

2

2

1873

23

10

135

Sorghum
Mixed feeds

8

In 1977, the southeastern United States experienced severe drought
conditions. Seventy-seven percent of Georgia com crops were contaminated with

aflatoxin with levels often exceeding 100 ppb. Over 90% of the fields tested had

aflatoxin levels exceeding 20 ppb, the regulatory limit for human consumption.
During this same year, 19 of 302 milk samples collected on southern dairy farms
exceeded the regulatory limit for aflatoxin

(0.5 ppb). In years considered

"non-crisis" in the southern United States, aflatoxin is expected in approximately
20% of the com crops (64).

Aflatoxins have been detected in processed food products (Table 2.2).
Com products, peanut butter, peanut candies, spaghetti, and wheat flour have
been contaminated with aflatoxins. Dairy cattle rations can be contaminated with

aflatoxins which are excreted via the mammary system as aflatoxin

(56). Dairy

products including nonfat dry milk, cheese, and yogurt made from contaminated
milk have been incriminated as aflatoxin carriers (2, 16). Aflatoxin residues have

been demonstrated experimentally in animal organs, tissues, and eggs (35, 45).

Aflatoxins can occur naturally on meats and cheeses as the result of mold growth
on the product (16, 56). Aflatoxins are relatively stable in most types of food
processes except those with alkaline conditions or oxidizing steps (16). Aflatoxin

was detected in beer produced from laboratory-contaminated barley (13).

TABLE 2.2. Selected occurrence of aflatcadns in processed foods (adapted from ref 16).
Average
levels
of contaminated
Food

Coimtry

samples (pg/kg)

Incidence

17/104

Peanut butter

United States

14

Peanut butter
Peanut butter

United Kingdom
Philippines
Philippines

__a

Peanut candies
Peanut candies

—

213
38

United States

10

145/149
47/60
10/18

(imported)
Roasted, shelled peanuts
Com
Cora
Cora

Cora products
Spaghetti
Wheat floiuMilk

United States
United States
United States

68

Philippines
Philippines

110

30
20
32

6/55
49/105
12/28
95/98
22/32

Canada

13

1

France

0.25-150

20/100
79/419

Germany
Germany
2
Cheddar cheese
United States,
Germany
Designation (~) indicates that the level and/or incidence of atlatoxin contamination was not
reported.
~

Non-fat dry milk

—

—

10

--

BIOSYNTHESIS AND CHEMISTRY OF AFLATOXINS

Aflatoxins are secondary metabolites produced by aspergilli. Their
biosynthesis is probably a genetically determined process governed by specific
nutrient availability and environmental conditions (52). Aflatoxins are substituted

angular furanocoumarins (Fig. 2.1)(36) having acetate as a base unit in polyketide
production (52). Folyketides are converted to a series of anthraquinones followed
by conversion to versicolorin A. The side chain of this compound is converted to
a bifuran whose structure lends itself to other reactions. Sterigmatocystin is
subsequently produced followed by methylation to form the bifuranocoumarin
aflatoxin Bj(36).

Several forms of aflatoxins exist; many are metabolic transformations and

detoxifications (Fig. 2.2) of naturally produced aflatoxins. Aflatoxins B^, Bj,
and Gj are the four major toxic metabolites of A. flams and A. parisiticus. B

aflatoxins consist of a coumarin nucleus fused to a bifuran moiety with a
pentenone ring. A six-membered lactone replaces the pentenone ring in the G
aflatoxins (74). The other forms of aflatoxins are biological transformations of
these structures. Metabolism of aflatoxins B and G by organisms can lead to

biodegradation in at least six ways (52): 1) attack by hydrogen or water molecules
on the isolated vinyl ether or 2, 3-double bond, 2) other degradations of the

bisfuranoid moiety, 3) demethylation of the methoxy-coumarin structure, 4)
hydrolytic fission of the 7, 8 C-O bond in the coumarin ring, 5) cyclopentenone
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reduction, and 6) hydroxylation at one or more points in the molecule prior to
conjugation (Fig. 2.3).

Aflatoxins

and Q|are the result of the microsomal monooxygenase

catalyzed hydroxylation of aflatoxin

(Table 2.3). Aflatoxin

is formed by the

O-demethylation of aflatoxin B^. Aflatoxicol is a hydroxylated form of aflatoxin
Bj resulting from the action of a reductase. Aflatoxicol can be converted back to

aflatoxin B^ by a microsomal dehydrogenase (74). Aflatoxins Bja and Gja are the
2-hydroxy derivatives of aflatoxins Bj and Gj, respectively, and have been isolated

from A. flavus cultures or produced by the acid-catalyzed addition of water to
aflatoxin B^ and G^ (52).
EFFECTS OF AFLATOXINS ON ANIMALS

Physical effects of aflatoxins

Aflatoxicosis is primarily a hepatic disease with animal susceptibility

depending on species, age, sex, and nutrition. Hepatic injury is characterized by

bile duct proliferation, hepatocellular degeneration, necrosis, and fibrosis (16, 49).
Other commonly observed manifestations of either acute or chronic aflatoxicosis

include enlarged and yellowed kidneys, gastrointestinal tract hemorrhaging, and
increased blood clotting time. The immune response of many species is
suppressed by aflatoxin ingestion with inhibition of complement and interferon

(nonspecific humoral substances), macrophage activity, and cell-mediated
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(d)

(e)

(o)OCH

Figure 2.3. Biodegradation of aflatoxin B^: (a) Reductive or hydrolytic attack on the
vinyl ether double bond, (b) opening of the bisfuranoid structure, (c) o-demethylation,
(d) hydrolytic fission of the coumarin lactone, (e) cyclopentenone reduction and (f)
hydroxylation (52).
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TABLE 23. Metabolism of aflatoxin

in rat liver (69).
Double bond m

Metabolite

Site of OH

Aflatoxicol

05

Produced by

bisdihydrofuran ring

Cytoplasmic reductase

Rabbit, quail, turkey,
duckling, chick,
trout

O2 + NADPH in en-

Rat, mouse, monkey,

Aflatoxin Q

doplasmic reticulum

human

Rat, mouse, rabbit,

Aflatoxin P

monkey, human
Aflatoxin M

Aflatoxin B.

'2a

Aflatoxin B^-

cca

Metabolized by

Rat, mouse, rabbit,

guinea pig, pig, goat,
cattle, sheep, chick,
monkey, human,
quail, turkey, trout
Rat, mouse, rabbit,

guinea pig, chick,
duckling, quail,
turkey

+

Og + NADPH in endoplasmic reticulum

O2 + NADPH in endoplasmic reticulum

O2 + NADPH in en-

Rat, hamster, etc.

doplasmic reticulum

2, 3 oxide
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immunity (72). Several cases of acute human aflatoxicosis have been reported in
Taiwan, Uganda (63), western India (32), Kenya (16) and Thailand (63).
Aflatoxin

is classified as a probable human carcinogen (29) since it has

been demonstrated to be a potent carcinogen in several animal species.
Extrapolations from animal data and interpretation of epidemiological data
suggest aflatoxins as a cause of human liver cell cancer (8, 16). Aflatoxins have
been shown to be mutagenic (36) and teratogenic (69) in laboratory animals.
Mode of action of aflatoxins

The molecular basis of aflatoxicosis was described in detail by Terao and
Ohtsubo (69). All aflatoxins containing the 2, 3 double bond of the
bisdihydrofuran ring have been shown to have potent cytotoxicity and

carcinogenicity. Aflatoxin

is converted in the hepatic endoplasmic reticulum by

cytochrome P-450-mediated mixed-function oxidase into electrophilic
intermediates. These activated intermediates are subsequently conjugated with
nucleophiles in the hepatocyte. When the active intermediates attack cellular
RNA, DNA and protein, intoxication occurs. Detoxification occurs when aflatoxin

and cytosolic nucleophiles (glutathione and other SH-containing compounds) are

enzymatically conjugated and excreted as water-soluble mercapturic acids (69).

Aflatoxin B^ covalently binds with DNA due to the mixed-function oxygenase
system causing the formation of an 8, 9-epoxide at the double bond of the

terminal bisfuran ring. This 8, 9-oxide reacts spontaneously with guanine and
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other base residues of DNA. DNA lesions from this adduct formation lead to

mutations at genomic sites in target tissues. Single-base mutations can activate
oncogenes causing their overexpression. This is presumed to be a key step in
malignant tumor induction and has been demonstrated using cultured cell lines
(71).

DETECTION OF AFLATOXINS

Preparation ofsamples

Aflatoxins can be detected in minute concentrations (ng/g) by both
physicochemical and biological analytical techniques (66). Before analysis,
agricultural samples to be tested must be extracted, filtered, cleaned up, and
concentrated. Extraction procedures vary depending on the type of product being

analyzed. Often, organic solvents are used such as methanol, acetone,

acetonitrile, chloroform, and/or dichloromethane. Many procedures call for the
addition of water or electrolytes which can expand and soften product cells to
facilitate organic solvent contact. Physical blending or shaking procedures are
employed to enhance contact between solvent and product. Samples are normally

filtered to remove solid particles followed by various cleanup procedures.
Cleanup involves removing substances that might interfere with analysis.
Techniques for cleanup include dialysis, precipitation procedures, and

chromatographic partitioning (66). Since aflatoxins are normally present at very
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low levels, the toxin must be concentrated. This is most often accomplished by
evaporation of the solvent under vacuum or nitrogen (66).
Chemical methods of analysis

Chemical or physicochemical methods of analysis are predominantly
chromatographic. Thin layer chromatography (TLC) is the traditional method of
aflatoxin detection and quantitation since it can be employed under less
sophisticated conditions. More optimized analytical analyses using high
performance liquid chromatography(HPLC) are finding increased usage in many
laboratories and significantly improve the analysis of structurally diverse

mycotoxins (19, 20, 26, 66, 68). HPLC offers good resolution, increased precision,
reproducibility, and sensitivity in aflatoxin analyses (17). Both fluorescence and
UV absorbance can be used for aflatoxin detection (Table 2.4). Gas

chromatography has been used for aflatoxin analysis; however, the nonvolatile

nature of aflatoxin makes GC analysis less desirable. Rosen et al. (58) developed
a method to confirm aflatoxins Bj and Bj from TLC analysis using a gas

chromatography/ mass spectrometry/selected ion monitoring setup.
Biological methods of analysis

Most of the usefulness of biological assay systems is in the chemical and

immunological identification of those mycotoxins that produce a toxic response in
animals (9). Bioassays are of two types: 1) evaluation of the mycotoxin's effects
on biological systems such as microorganisms, animals, plants, and mammalian
19

TABLE 2.4. Chemical and physical properties of aflatoxins.
Molecular

Molecular

formula

weight

Melting
point

Bi

C17H12O5

312

268-269

21,800

425

B2

C17H14O6

314

286-289

23,400

425

Gi

C17H12O7

328

244-246

16,100

450

G2

C17H14O7

330

237-240

21,000

450

Ml

C17H12O7

328

299

19,000

425

M2

C17H14O7

330

293

B2a

C17H14O7

330

240

20,400

G2a

C17H14O8

346

190

18,000

Ro

GiT^ieGe

314

230-234

14,100

B3

Gie^^wGe

302

233-234

9,700

GMi

C17H12O8

344

276

Aflatoxin

Ultraviolet

absorption
(362-363 nm)

Fluorescence
emission

(357 nm)
~

12,000

~

~

~

425
~

~

(358 nm)

Pi

Gie^ioGe

>320

298

14,900

(342 nm)

20

~

cell lines and 2) immunoassays. The second type of assay is more specific and
sensitive and, therefore, more useful in identification and quantitation of
mycotoxins. Enzyme-linked immunosorbent assays (ELISAs) have been used for

aflatoxin

and

with sensitivities as low as 0.001 and 0.05 ng/ml, respectively

(9).

METHODS OF AFLATOXIN DEGRADATION

The aflatoxin molecule is rather stable under an assortment of

environmental conditions (16, 44). Treatments that attempt to detoxify
mycotoxins must retain the nutritive value and palatability of the product, while
leaving no harmful residues (60).
Physical methods of degradation

Detoxification methods involving heat have been used with varying results.
Aflatoxin is quite heat stable and temperatures required for degradation often

lead to unfavorable changes in the product (44). Factors such as type of heat,
moisture content, and other product constituents influence time/temperature
combinations required for degradation (Table 2.5) (60). Marth and Doyle (44)
concluded that even though heat can degrade aflatoxin, it is neither an effective

nor economically feasible means of removing the toxin from our foods and feeds.
Ultraviolet radiation degrades aflatoxins by interacting with the terminal

furan ring of the molecule which inactivates the active binding site. Degradation
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TABLE 2.5. Heat sensitivity of aflatoxins in afficultural products and feedingstuffs
(adapted from ref 60).

Product

Percentage

Treatment

degradation

Aflatoxin Bt
Peanuts

Roasting, 150 °C, 30 min

80

Peanuts

Dry roasting
Oil roasting

69

Peanuts

Peanut products
Com
Pecans

Pecan meal
Pecans

Wheat flour
Wheat flour

Aqueous solution
Peanut meal

Fruits and spices
Fruits and spices
Fruits and spices
Peanut oil

Peanut oil (uiu-efined)
Coconut oil
Peanut meal
Cottonseed meal
Rice
Rice
Rice

Cora meal/grit
Cora meal/grit
Cora meal

Brewing mash
Corn

65

Roasting, 204 °C
Roasting, 145-165 °C
Roasting, 190 °C, 15 min
Roasting, 190 °C, 15 min
Frying, 190 °C,6 min

40-50

Baking

60-90

Baking, 120 °C, 30 min
Heat, 120 °C, 20 min
Autoclave, 120 °C,4 h
Autoclave, 120 °C, 30 min
Autoclave, 120 °C,60 min
Oven dry, 60 °C, 60 h
Heat, 120 °C, 10 min
Heat up to 250 °C
Heat 180-215 °C, 10 min
Cooking, 100 °C, 2 h
Cooking, 100 °C, 2 h
Pressure cooking, 120 °C
Normal cooking
Pressure cooking, excess water
Boiling
Frying
Baking to prepare muffln
Cooking
Preparation of tortillas
Aflatoxin Mi

Cheese

Heat, 90 °C, 30 min
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40-80
80

60
60
80

Small
95
29-39
>50
22-77

50

Negligible
41
34
80
73
49
82
28

33-53
13

72-86
70

occurs through a series of reactions that breaks aflatoxin down into simpler
compounds in a stepwise manner. The limiting factor to this type of degradation
is the lack of penetrating ability of UV radiation and, therefore, only surface
detoxification occurs to any appreciable extent (44, 60).
Chemical methods of detoxification

Aqueous solutions of strong acids and bases have been used to detoxify

aflatoxins (44). Strong acids catalyze the hydration of the vinyl ether double bond

forming an aflatoxin hemiacetal (aflatoxins Bja and Gja)(Fig. 2.2). For aflatoxin
Bja conversion from aflatoxin B^, a 200 times reduction in toxicity is achieved (53).
Marth and Doyle (44) stated that acidic treatments to degrade aflatoxins in foods
are unlikely to be used extensively since drastic conditions are needed to convert

aflatoxins B^ and

to their hemiacetal forms and since relatively little aflatoxin

Bj and G2 is affected by this treatment.
Base catalyzed detoxification of agricultural commodities has been
investigated extensively. Sodium hydroxide has removed aflatoxin from crude

edible oils (44), peanut meal, groundnut meal, and corn (53). Calcium hydroxide
has provided variable results in detoxification efforts. Approximately 40%

reduction in aflatoxin content results from treating com with aqueous calcium
hydroxide (53).

Ammoniation of aflatoxin contaminated products has received extensive
research attention. Cottonseed meal, peanut meal, and corn have been
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decontaminated successfully using anhydrous ammonia gas at elevated
temperatures and pressures (44). Disadvantages of this process are the significant
lowering of the products' Protein Efficiency Ratio (PER), alteration of the

chemical composition of the product, and the requirement of drying to remove

ammonia's odor and taste when ammonium hydroxide is used (44). Ammoniation
detoxifies aflatoxin by degrading the coumarin system yielding aflatoxin

(Fig.

2.2)(15, 53).

Several oxidizing agents will destroy aflatoxins (44). Sodium hypochlorite
(NaOCl) is routinely used to decontaminate glassware in aflatoxin research and
has been shown to remove aflatoxin in aqueous extractions of coconuts and

peanuts (53). Hydrogen peroxide can degrade aflatoxins in milk (53), peanut
meal, and cottonseed meal (44). Other oxidizing agents including benzoyl
peroxide, osmium tetroxide, gaseous chlorine, chlorine dioxide, ozone, and
nitrogen dioxide have differing levels of effectiveness (42, 44). Factors such as
aflatoxin form, other food constituents, and reaction conditions must be

considered. The mechanism of detoxification by these compounds seems to be an

initial opening of the lactone ring under alkaline conditions followed by oxidation
of the sensitive phenol structure (53).
Other chemical treatments to remove aflatoxins are bisulfite and

formaldehyde (53). Bisulfite successfully reduced aflatoxin levels in corn by
forming the sodium salt of aflatoxin which is water-soluble. Formaldehyde was
used to remove aflatoxin from peanut meal (53).
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Microbial degradation of aflatoxins

Some bacteria, yeasts, and molds remove aflatoxin from solution. Ciegler
et al. (14) found only one bacterium, Flavobacterium aurantiacum, able to remove

aflatoxin B^. Later, Lillehoj and coworkers (39) used this organism to remove

aflatoxin

from milk. Whether the toxins were metabolized or simply bound by

the bacterium is still uncertain. A variety of microorganisms and liver enzymes
are capable of reducing aflatoxin

to aflatoxicol which is less toxic. This

reduction, however, is slow and incomplete. The enzyme responsible for this
reduction is NADPH-dependent 17-hydroxy-steriod dehydrogenase (5). Molds
capable of producing aflatoxins are often able to degrade them. Degradation

activity is located in the mycelia. Factors affecting degrading activity include
strain variation, amount of mycelia, amount of aflatoxin present, temperature, and
pH (44). It is yet to be determined conclusively how these aspergilli degrade
aflatoxins. A peroxidase system seems to be involved; however, at least one other
enzyme may be involved (5).

LIMITS AND REGULATION OF AFLATOXINS

Many countries have regulations concerning aflatoxin levels in foods and
feedstuffs. In the United States, aflatoxins are the only formally regulated
mycotoxins. Aflatoxins are considered unavoidable contaminants in Good

Manufacturing Practices(GMPs) and are, therefore, regulated under the Food,
Drug, and Cosmetic Act by the Food and Drug Administration (16). United
25

States guidelines for acceptable levels of aflatoxins in food and feed are described
in Table 2.6. Action levels are established that allow for the removal of violative

lots from interstate commerce (73). The FDA efforts are supported by control
programs carried out by the United States Department of Agriculture, state

departments of agriculture, and various industrial trade associations (73).

THE GENUS FLAVOBACTERIUM

Physical characteristics and taxonomy

Flavobacteria are gram-negative rods with parallel sides and rounded ends.
Cells are typically 0.5 fj.m wide and 1.0-3.0 ixm long. Species of this genus are
aerobic, nonmotile, non-endosporeforming, and do not glide or spread.
Flavobacterium cells are normally regarded as lacking flagella; however,
researchers have observed by electron microscopy the presence of nonfunctional
flagella on F. aquatile, F. meningosepticum, and F. multivorum (25).
The name Flavobacterium is derived from the Latin adjective flavus

meaning yellow. The main criteria used to include a species in Flavobacterium in
the original Bergey's Manual (1923) were the formation of yellow or orange-

pigmented colonies on culture media with the ability to produce acid weakly from
carbohydrates. This nonrestricting classification protocol made the genus very
heterogeneous; containing motile and nonmotile, as well as, gram-positive and
gram-negative species. This heterogenicity was reduced by the fifth edition of the
Manual (1939) which excluded polarly flagellated species. The seventh edition of
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TABLE 2.6. United States Food and Dnig Administration guidelines for acceptable
levels of aflatoxins in food and feed (16).
Action level

Commodity

Species

(PPb)

0.5(Ml)

Milk

Humans

20.0

Foods except milk

Humans

20.0

Feed

All species

300.0

Cottonseed meal (for feed)

All species

300.0

Corn

Finishing beef cattle

200.0

Com

Finishing swine (>100 lbs)

100.0

Com

Breeding cattle and swine,
and mature poultry

Exceptions
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the Manual (1957) further excluded gram-positive species. In the eighth edition
(1974), the genus was further restricted to species not demonstrating gliding or
spreading and was divided into two sections. Section I contained nonmotile
species with 30-42 mol % G+C content (low G+C strains). Section II contained
species that were nonmotile or motile by peritrichous flagella. This section
contained the high G+C strains (67-70 mol % G+C). The ninth edition of the

Manual (1984) further restricted Flavobacterium to the low G+C strains of
Section I (25).
The type species of the genus is F. aquatile (25). Some have suggested it
be replaced with F. breve since the former has features at variance with the
taxonomic description of the genus (25). F. aquatile seems to be motile by

peritrichous flagella and chemotaxonomic studies indicate that the species is more
closely related to Cytophaga strains. The genus, as a whole, is related closely to

Cytophaga as evidenced by mol % G+C contents, production of respiratory
quinones and cellular fatty acid compositions (25). Fourteen species of
Flavobacterium that appeared on the Approved Lists of Bacterial Names (1) in
1980 are now excluded from the genus and are listed under Species Incertae Sedis
in Bergey's Manual. Also listed in this section are three other species not on the
Approved Lists and, therefore, these strains have no standing in nomenclature.

Flavobacterium aurantiacum is now defined under the new genus Exiguobacterium
aurantiacum by Bergey's Manual where it is the type species (25).
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Pigmentation is a striking characteristic of Flavobacterium. Hue and

intensity vary considerably and is affected by growth medium, temperature, and
incubation time. Often, pigmentation is more pronounced at lower temperatures
and light may be required for maximum pigmentation development. Pigments are
not carotenoid but are likely flexirubin-type and are insoluble in growth media.
These pigments are nonfluorescent in ultraviolet light. Colonies are not
necessarily pigmented and are translucent, circular (diameter of 1-2 mm), convex,

smooth, and shiny with entire edges (25).
Flavobacteria are widely distributed in soil and water. They are found also
in raw meats, milk, and other food products. Hospital environments and human
clinical material are often positive for flavobacteria. A few species are pathogens
or opportunistic pathogens. F. meningosepticum is a well recognized cause of
neonatal meningitis with an overall case-fatality rate of 55 percent; most survivors

develop hydrocephalus. This species also causes pneumonia and often colonizes

the respiratory tract of compromised hosts. Septicemia, bacteremia, peritonitis,
and infection of amputation sites have been attributed to F. meningosepticum, F.
odoratum, and/or F. multivorum. Flavobacteria are not part of the normal human
flora. Environmental isolates grow at temperatures from 5-30 °C, and most

clinical isolates can grow at 37 °C (F. meningosepticum up to 42 °C)(25).
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Biochemical and cultural characteristics

All flavobacteria strains are chemoorganotrophic and sometimes difficult to
maintain after primary isolation. Generally not fastidious, the organism may
require supplementation of amino acids and other growth factors (ie. biotin).

Strains are strictly aerobic (strictly respiratory metabolism), although, they may
grow anaerobically in the presence of 7 percent (v/v) carbon dioxide, thus, often
mistaken as facultative anaerobes (25), Respiration by flavobacteria produces
menaquinones. Gas is not produced from carbohydrates, of which glucose,

fructose, glycerol, maltose, and trehalose are most often attacked. Cellulose, agar,
and other high molecular weight carbohydrates are not attacked. Acid is not

produced from adonitol, dulcitol, inositol, or sorbitol and acid production is only
observed in media having a low peptone concentration. Most strains are
proteolytic, hydrolyzing casein and gelatin. Nitrate is not reduced and citrate

utilization is variable. Urease is frequently produced. Most strains give an acid

(oxidative) reaction in glucose 0-F medium. Hydrogen sulfide production is

invariably negative unless the medium contains added cysteine. Generally, esculin
is hydrolyzed and several species produce indole. Flavobacteria are catalase and
oxidase negative and are phosphatase positive (25).

CHEMICAL DEGRADATIONS BY FLAVOBACTERIA

Continuous or repeated exposure of microorganisms in nature to xenobiotic

chemicals has induced many of these organisms to evolve degradative traits (11).
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These evolved traits can be both positive and negative, often depending on the
perspective of the observer. For example, microbial degradation of
organophosphates (57) has lead to a reduction in their efficacy as pesticides.
However, these degradations are often very important in reduction of toxicities of
environmental contaminants (11). Bioremediation of chemically contaminated
soils and waters is a highly investigated topic at present.
The genus Flavobacterium, commonly isolated from sewage, soil, and water

(10), is part of the natural environmental flora responsible for many of these
xenobiotic biodegradations (3, 10, 27, 28, 31, 41, 46, 51, 59, 65, 67, 70). Groups of
chemicals degraded by flavobacteria include aromatic hydrocarbons, chlorinated
phenols, organophosphates, and carbocyclic non-aromatic hydrocarbons. Problems

associated with usage and/or contamination of the environment by some of these
chemicals may be resolved by knowledge of these microorganisms' degradative

pathways, along with their respective genetic determinants and their regulation
(10).
Degradation of aromatic and carbocyclic non-aromatic hydrocarbons
Imai and Kuwatsuka (27) investigated the metabolic pathways of four soil-

isolated microorganisms in degradation of the herbicide molinate (Fig. 2.4). They
found the main metabolic pathway of Flavobacterium sp. to be oxidation of the Sethyl moiety with rapid accumulation of molinate-alcohol and molinate-acid (Fig.

2.5). The Flavobacterium sp. partially oxidized ^"^C-labeled molinate without
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N-C-S-CH^-CH^

Figure 2.4. Chemical structure of molinate.

N-C-S-CH^-COOH

N-C-S-CH-CH-OH
2

2

(a)

(b)

Figure 2.5. Chemical structures of accumulation products of molinate degradation
by Flavobacteriunv (a) molinate-alcohol and (b) molinate-acid (27).
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incorporation of

into cell components and without evolution of

Some

^"C-hydrophilic degradation products were recognized.
Later, Imai and Kuwatsuka (28) investigated the substrate specificity and
induction of degrading activity for molinate and its related compounds by
Flavobacterium. They found a rather strict substrate specificity of Flavobacterium.

According to Imai and Kuwatsuka (28), enzyme induction often occurs in the
bacterial degradation of xenobiotics. In some cases, an enzyme may be induced
by a compound different from the actual substrate for the microbe. In this

research, they found Flavobacterium cells that had been preincubated with
molinate degraded both molinate and vemolate (a structurally similar compound)
rapidly with no lag time. A 3-4 h lag period was observed without preincubation.
However, preincubation with vernolate provided only weak evidence of induction
of degrading enzymes.

Chaudhry and Ali (10) isolated fifteen bacteria capable of degrading the
pesticide carbofuran (Fig. 2.6) from agricultural soil samples. All isolates were
identified as members of the genera Pseudomonas and Flavobacterium. Nine of
the isolates displayed pigmentation of pink, yellow, and orange. These
researchers divided the fifteen isolates into three groups; group I (six isolates)
utilized carbofuran as a sole nitrogen source, group II (seven isolates) utilized
carbofuran as a sole carbon source, and group III (two isolates) rapidly utilized

the chemical as a sole carbon source. Groups I and II were shown to hydrolyze
the compound with the concurrent accumulation of carbofuran phenol (Fig. 2.6).
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Figure 2.6. Proposed pathways for the degradation of carbofuran (10).
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Isolates from these two groups produced substantial concentrations of a hydrolase
enzyme. It has yet to be determined whether the enzyme(s) and genetic
determinant(s) in all these isolates are similar. Since isolates from groups I and II

were capable of utilizing other carbamate compounds, Chaudhry and Ali (10)
speculated that the enzymes are specific to the carbamate moiety of target
compounds only; otherwise, they are rather nonspecific to the overall substrate

molecular structure. Group III isolates completely and efficiently degraded

carbofuran by a presumptive oxidative pathway, of which 40% of ^'^C-labeled
carbofuran resulted in CO2 formation. One further note in this research was that
none of the isolates degraded carbofuran when it was included in a rich medium

suggesting that degradative enzyme(s) were not constitutive but induced only in
the presence of carbofuran.
Polyethylene glycol(PEG) was shown to be degraded by dehydrogenase

activity of cell-free extracts of Flavobacterium sp. by Kawai and Yamanaka (31).
They found the enzyme activity to be localized in cellular membrane fractions and

concluded that the enzyme played a main role in the aerobic metabolism of PEG.
PEG was utilized by the bacterium as a sole carbon and energy source. Kawai
and Yamanaka (31) also investigated induction of PEG dehydrogenase activity in
Flavobacterium. By growing the bacteria on both nutrient media and PEG-

containing media followed by PEG-utilization testing, they found enzyme activity

to be almost completely repressed in the nutrient-grown cells. Activity was
induced in the PEG-supplemented cells. One strain of Flavobacterium contained
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a constitutive dehydrogenase enzyme since it showed equal activity towards PEG
from nutrient-grown cultures.

Stucki and Alexander (67) investigated the effect of dissolution rate and
solubility of various aromatic hydrocarbons in bacterial biodegradations. They

suggested that testing compounds with low water solubilities by routine
methodologies may produce questionable results since the organic chemicals are
added to aqueous solutions normally. They found a Flavobacterium sp. capable of
utilizing biphenyl, succinate, and phenanthrene (Fig. 2.7) as sole carbon and
energy sources. They found that low water solubility does not necessarily mean

slow biodegradation. Flavobacterium grew faster on the less soluble phenanthrene
than on the more soluble biphenyl. Emulsifiers may be produced by bacteria to
facilitate uptake of poorly soluble compounds (21). Uptake also may be
facilitated by hydrophobic bacterial cell surfaces (48). Additionally, an organism

will grow at the expense of the compound in solution, thus, the rate of dissolution

of such chemicals might govern the rate of their biodegradation (67).
Okpokwasili et al.(50) reported the first observation of a plasmidmediated phenanthrene degradation by an estuarine-isolated Flavobacterium sp.
Loss of a 34 Mdal plasmid resulted in the corresponding loss of ability to degrade

phenanthrene. They also indicated that this plasmid may code for the
biosynthesis of extracellular emulsifying polysaccharides. These polysaccharides
may provide a means of adherence to, or emulsification of, hydrocarbons resulting

in removal through a biodegradative pathway.
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(a)

(b)

(c)

Figure 2.7, Chemical structures of(a) biphenyl, (b) succinate
and (c) phenanthrene.
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Alkylated polycyclic aromatic hydrocarbons occur in large quantities in
crude oil and are acutely toxic to mammals (34). Flavobacteria metabolize
several of these aromatic hydrocarbons. Flavobacterium sp. can use 2, 6-

dimethylnaphthalene(DMN)(Fig. 2.8) as a sole carbon and energy source (4).
After growth on 2, 6-DMN, all isolates oxidized 2-hydroxymethyl-6-

methylnaphthalene, 6-methylnaphthalene-2-aldehyde and 6-methylnaphthalene-2carboxylic acid without a lag period (Fig. 2.8). Bamsley (4) suggested that
flavobacteria, with their ability to oxidize a wide range of aromatic hydrocarbons
after induction on 2, 6-DMN, may be a valuable source of enzymes of broad
oxidative ability.
Degradation of organophosphates

Organophosphate compounds constitute the largest class of insecticides
currently used in industrialized countries (46). The United States and other
countries recently have restricted their use since they are potent

acetylcholinesterase inhibitors having a LD50 value in rats as low as 4 mg/kg body
weight (11). Organophosphates have a relatively low persistence in the
environment as they are susceptible to soil microbial enzymes (46).

Flavobacterium sp., according to several researchers, degrade many of these

organophosphates. Two of the most widely used insecticides of this group are

parathion and methyl parathion (Fig. 2.9). Hydrolase activities of Flavobacterium
sp. are encoded in the opd (organophosphate degradation) gene harbored on a
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CHgOH
(X)

(Y)

CHO

Figure 2.8. Chemical structures of(a) 2, 6-DMN,(b) 2-hydroxymethyl-6naphthalene, (c) 6-methylnaphthalene-2-aldehyde and (d) 6-methylnaphthalene-2carboxylic acid. Relevant enzymes involved are (x) monooxygenase, (y) alcohol
dehydrogenase and (z) aldehyde dehydrogenase (4).
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Figure 2.9. Chemical structures of(a) parathion and (b) methyl
parathion.
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large plasmid. Chaudhry et al. (11), utilizing Flavobacterium sp. to degrade
methyl parathion, found the hydrolase enzyme to be constitutive since neither

preincubation in methyl parathion nor parathion increased enzyme activity.
Degradation of parathion by parathion hydrolase yields diethylthiophosphoric acid and p-nitrophenol (46). Mulbry and Karns (46) found 90% of the
hydrolase activity in Flavobacterium crude extracts to be associated with the cells'

membrane fraction. Like Chaudhry et al. (11), they suggested that the hydrolases
were produced constitutively by Flavobacterium. Mulbry and Karns (46) also

stated that most pesticide hydrolases examined to date seemed to have rather
relaxed substrate specificities, being able to hydrolyze almost any compound
within the same general class of pesticide. In preliminary research, these

investigators demonstrated Flavobacterium's ability to hydrolyze coumaphos, a
compound in which the p-nitrophenol portion of parathion is replaced by a
coumarin moiety.

Attaway et al. (3) investigated the detoxification of diisopropyl
fluorophosphate by flavobacteria and found that the breakdown of this
organophosphate was a result of Flavobacterium's possession of parathion
hydrolase, a plasmid-mediated phosphotriesterase (6, 47, 61, 62). These results

further suggest Flavobacterium's hydrolase is relatively nonspecific in its
phosphoesterase activity (3). They further speculated that, since the enzymatic
system was plasmid mediated, it could be readily cloned and the gene products
amplified to produce higher activity.
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Degradation of chlorinated phenols

Chlorinated phenols and their derivatives are extensively used as

insecticides, fungicides, and herbicides in industrial and agricultural settings (65).
These compounds are quite toxic depending on their degree of chlorination (40),
and many tend to persist in the environment becoming health hazards. Crawford

and coworkers demonstrated Flavobacterium sp. ability to use pentachlorophenol

(PCP) as a sole energy and carbon source (54, 59). Steiert et al. (65)
demonstrated that a PCP-degrading Flavobacterium sp. also could mineralize
other chlorinated phenols. They also showed that the enzyme system responsible

for these degradations was inducible. The ability of the bacterium to dechlorinate
and mineralize various chlorophenols was related to the chlorine ring-substitution
pattern of specific compounds.

Chaudhry and Huang (12) isolated a Flavobacterium sp. capable of
degrading 2, 4-dichlorophenoxyacetate (2, 4-D), 2-methyl-4-chlorophenoxyacetate
and 2-chlorobenzoate. They determined that this bacterium harbored a

degradative plasmid, and when cured, the bacterium lost its ability to degrade
these chlorinated compounds. Restriction fragments of the genes were then
cloned into a broad-host-range plasmid and incorporated into Pseudomonas sp.
The cloned fragment expressed genes for 2, 4-D monooxygenase and 2, 4dichlorophenol hydroxylase.
Topp et al. (70) investigated the influence of readily metabolizable carbon

on Flavobacterium's ability to metabolize pentachlorophenol. Cells grown
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originally in glucose or glutamate required less acclimation time for PCP removal

in carbon supplemented environments. Once cells were acclimated to growth on
PCP alone, their specific activity was somewhat higher than that of cells in the
presence of supplementary carbon. They suggested that available carbon could

facilitate PCP removal by Flavobacterium cells by attenuating the toxicity of PCP
and contributing to the production and maintenance of a PCP-degrading biomass.
O'Reilly and Crawford (51) outlined a practical application for the PCPdegrading characteristics of Flavobacterium. Using polyurethane-immobilized
Flavobacterium cells, they effectively removed up to 300 mg/L of PCP from water
in a batch and continuous-culture bioreactor.

Degradation of aflatoxins by flavobacteria

Ciegler et al. (14) surveyed approximately 1000 microorganisms and found
only one bacterium capable of removing aflatoxins from test substrates. This
bacterium, Flavobacterium aurantiacum NRRL B-184, has since been shown to

remove aflatoxins B^,

and

from milk, oil, peanut butter, peanuts, and corn

(14, 39). Furthermore, these toxins could not be recovered from the test cells by
water or chloroform extraction. Studies by Lillehoj et al. (37, 38) showed that

Flavobacterium aurantiacum effectively removed aflatoxins Bj and

from liquid

medium. However, they concluded that, since 10^^ cells were required to remove
600-700 Mg of toxin, the cells did not degrade the toxin but simply took up the
compound. In another study, Lillehoj et al. (39) investigated the removal of
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aflatoxin Mj from aqueous solutions by F. aurantiacum. Analysis of subinhibitory
toxin concentrations in the medium during bacterial growth demonstrated
removal. Lillehoj et al. (39) concluded that

was being degraded since an

incubation process was required for complete removal of the toxin. However,

their earlier studies with

(38), degradation was discounted when ruptured cell

preparations did not modify Bj. A conclusion could not be reached as to whether

was being modified by the bacterium or simply being bound to the cell.

Neither Bj nor Mj could be extracted from cells following incubation. Recently,
Hao and Brackett (22, 23) successfully removed aflatoxin B^ from peanut milk, a
product being investigated as a possible dairy substitute (22, 23).
THE PROBLEM AND THE PLAN

Aflatoxin contamination of human and animal foods has been a serious

health and economic problem for agriculturalists and scientists since its discovery
over three decades ago. As this review of literature points out, numerous means
of degradation or removal of aflatoxins have been tested. However, these

techniques are inadequate in many of the characteristics desired for toxic
contaminant elimination from foods. Product quality is often reduced, harmful
residues may remain, and process costs are often restrictive. Success

demonstrated in the removal of several toxic environmental contaminants by
microorganisms, termed bioremediation, makes these approaches worthy of
consideration for aflatoxin removal in food production processes. Afterall,
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aflatoxin is a naturally produced environmental contaminant and has chemical and

physical properties similar to some of the synthetic chemical contaminants that
have been removed successfully by bioremediation. As discussed in this literature

review, Flavobacterium aurantiacum and other microorganisms having aflatoxin
degrading activity provide us with a starting point for further research in
biological removal of aflatoxins from foods. The research described earlier in this

area was enlightening and necessary; however, indepth investigations must now be
considered to characterize and optimize the aflatoxin degradation process of F.
aurantiacum if application is to be seriously considered. The research described

hereafter begins this characterization with emphasis on F. aurantiacum's substrate
specificity (relating to the various forms of aflatoxin), inducibility of aflatoxin
degrading activity in the organism, and identification of the active component of
the bacterial cell in aflatoxin removal.
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CHAPTER III

DETERMINATION OF INDUCIBILITY OF AFLATOXIN

DEGRADATION

IN Flavobacterium aurantiacum (Exiguobacterium aurantiaowt)

ABSTRACT

Flavobacterium aurantiacum (Exiguobacterium aurantiacum) was

investigated to determine if its aflatoxin degrading activity could be induced by
prior exposure to aflatoxin

during inoculum preparation. In Experiment 1,

cells were preincubated in 5.0 Mg aflatoxin

per ml of broth. Aflatoxin removal

by induced cells was compared to that of non-induced cells in tryptic soy broth
medium containing 4.0 Mg/ml of aflatoxin B^ over a 212 h period. Aflatoxin
removal was monitored by high performance liquid chromatography. Although

the non-induced F. aurantiacum population increased more rapidly during the
initial 12 h of incubation, the induced population removed 23% more aflatoxin B^.
In Experiment 2, F. aurantiacum was induced with a 10-fold lower aflatoxin B^
concentration (0.5 jug/ml) to determine effects of toxin level on induction of
degradation activity. When tested in broth containing 2.0 jug/ml of aflatoxin, the
induced culture demonstrated both slower growth and 58% less aflatoxin B^

removal during the initial 12 h of incubation. Chromatograms indicated that

aflatoxin removal was a stepwise process producing two or more intermediate
products. Ability of this organism to degrade aflatoxin may be inducible, however,

a concentration of aflatoxin B^ greater than 0.5 Mg/ml seems to be required for
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this induction. Selection of an afiatoxin tolerant F. aurantiacum population during
induction procedures utilizing the higher level of afiatoxin

(Experiment 1) may

have occurred, explaining the increased afiatoxin removal observed over the initial
12 h incubation. Experiment 2 results indicated that F. aurantiacum metabolized
afiatoxin Bj without a lag period, thus, a constitutive enzyme(s) may be involved.
INTRODUCTION

Aflatoxins are a group of toxic chemical compounds produced by
Aspergillus flavus, A. parasiticus and^l. nominus as secondary metabolites (16, 25).
They are toxic, mutagenic (17), teratogenic, and carcinogenic (29) in a wide range

of animals. Afiatoxin B^ is classified as a probable human carcinogen (13) with
animal and epidemiological data strongly implicating the toxin as a cause of
human liver cell cancer (3, 7).
Many agricultural commodities are subject to afiatoxin contamination (7,

14). Corn, peanuts, cottonseed, and several nuts have a very high incidence of

contamination (14). Contamination can occur in the field or during drying and
storage operations (7, 10). Afiatoxin

enters the milk supply via consumption

of contaminated feedstuffs by dairy cattle (26) and can, subsequently, be carried

into other dairy products (1, 7). Other processed foods have been found
contaminated with afiatoxin as a result of using contaminated raw ingredients (7).
Accidental spills and runoff from areas of chemical application are only
two ways toxic chemical contamination occurs in the environment. Isolation of
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microorganisms capable of degrading xenobiotic and recalcitrant compounds from
polluted environments has been the focus of a substantial number of research
projects (4). The genus Flavobacterium has been isolated in a high number of
these biodegradations. Flavobacteria to degrade compounds including carbofuran
(4), molinate (11), pentachlorophenol (24, 27, 30), polyethylene glycol (15),

phenanthrene (23), naphthalene (2), and parathion (5, 22). Aflatoxins have also
been removed by F. aurantiacum (6, 9, 18, 19, 20).

The ability of these microorganisms to degrade toxic chemicals is often
inducible. Imai and Kuwatsuka (11) found that preincubating Flavobacterium sp.
in molinate caused them to degrade molinate and vemolate rapidly without a lag

period. They attributed degradation to be the result of oxidative enzymes. Steiert
et al.(27) demonstrated that Flavobacterium sp. degraded pentachlorophenol via
an inducible enzyme system. Kawai and Yamanaka (15) found that polyethylene

glycol(PEG) dehydrogenase activity of Flavobacterium sp. was induced by
preincubating the bacteria on PEG media. It has been suggested that

flavobacteria may be a valuable source of enzymes of broad oxidative ability (2).
The potential for optimizing biodegradations of aflatoxin offered

microbiologists and geneticists through genetic engineering techniques makes it
essential that we understand the mechanisms of these biodegradations. It is very
difficult and costly to remove aflatoxin from food and the product is often
undesirable after detoxification processes. Biological techniques of removal may
provide a safe, economically feasible, and gentle method of remediation. The
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objective of this investigation was to determine if aflatoxin degrading activity of F.
aurantiacum is inducible in order to provide more insight into the organism's
overall mechanism of aflatoxin removal. Specifically, the objectives of this
research were to determine the effects on aflatoxin removal rate of(1)

preincubating F. aurantiacum cultures in different aflatoxin

levels during

inoculum preparation and (2) testing inocula for degradative activity in broth
containing different aflatoxin

levels,

MATERIALS AND METHODS

Flavobacterium aurantiacum was preincubated in a high (Experiment 1)
and a low concentration (Experiment 2) of aflatoxin B^ (AB^) to observe a)
whether differences in aflatoxin degradation rates occurred between induced and
non-induced cultures, and b) the effects of different AB^ concentrations during

induction on AB^ removal from test broth. Two replications of each experiment
were performed.

Experiment 1.

Culture conditions

Flavobacterium aurantiacum NRRL B-184 (L. K. Nakamura, USDA-ARS,

Northern Regional Research Center, IL) was grown on tryptic soy agar (BBL,
Cockeysville, MD)slants at 30 °C for 48 h. Stock cultures were stored at 4 °C
and transferred weekly to new agar slants.
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Two inocula were prepared: an aflatoxin B^-induced culture and a noninduced culture. This was done by adding 100 ml tryptic soy broth to each of two
250 ml Erlenmeyer flasks. Each flask was equipped with a one-hole rubber

stopper with an 0.45 nm bacteriological filter (Gelman Sciences, Ann Arbor, MI)
vent attached to provide sterile aerobic conditions within the flasks. The flasks
were autoclaved at 121 °C for 15 min. Five hundred /xg of ABj standard (Sigma

Chemical Co., St. Louis, MO)in acetonitrile were added to one flask (5.0 Mg/nil)
and 500 /xl of acetonitrile only were added to the second flask. The flasks were

steamed for 10 min to evaporate the acetonitrile from the broths. One loopful of
stock F. aurantiacum cells was inoculated into each flask followed by incubation at
30 °C in a shaker bath for 48 h.

Sixteen 50 ml Erlenmeyer flasks were prepared (Table 3.1) by adding 25

ml quantities of tryptic soy broth (pH 7.0) to each and wrapping in aluminum foil
to prevent light degradation of aflatoxin. A stopper air vent system was utilized
as previously described. The flasks were autoclaved and allowed to cool to
approximately 70 °C, at which time 100 /xg of aflatoxin B^ standard were added to
15 flasks (4.0 /xg ABi/ml). The flasks continued to cool to room temperature

followed by inoculation with approximately 7.5 log^o F. aurantiacum cells of
induced or non-induced inoculum as described in Table 3.1. Samples from each

treatment were analyzed for residual AB^ content after 0, 6, 12, 24, 72, 96 and 212
h of incubation at 30 °C in a shaker bath (Table 3.1). To determine viability of F.

aurantiacum, one ml of broth was removed from each flask and serially diluted
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TABLE 3.1. Protocolfor Experiment 1: determination of
inducibility of aflatoxin

degradation in Flavobacterium

aurantiacum

Test broth

Incubation

Flask

ABj level
(Mg/ml)

F. aurantiacum

period (h)

1

4.0

none

0

2

4.0

induced

0

3

4.0

non-induced

0

4

4.0

induced

6

5

4.0

non-induced

6

6

4.0

induced

12

7

4.0

non-induced

12

8

4.0

induced

24

9

4.0

non-induced

24

10

4.0

induced

72

11

4.0

non-induced

72

12

4.0

induced

96

13

4.0

non-induced

96

14

4.0

induced

212

15

4.0

non-induced

212

16

none

non-induced

212

®F. aurantiacum was induced with 5.0 jUg ABj/ml for 24 h
at 30 °C.
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with 0.1% peptone water immediately following removal from incubation. Tryptic
soy agar spread plates were prepared and incubated at 30 °C for 48 h to

enumerate F. aurantiacum cell populations at each sampling. After plating,

samples were frozen at -20 ®C until extraction. A positive AB^ control sample
comprised of broth and toxin only (4.0 ng ABj/ml) was tested at 0 h to provide an

initial AB^ level for calculations. A broth sample containing no AB^ and
inoculated with non-induced cells was analyzed also after 212 h as a negative
control to ensure that no chromatogram peaks resulting from F. aurantiacum
growth were considered.

Extraction and preparation of samples
Flasks were removed from frozen storage and allowed to thaw at room

temperature for approximately 1 h. Each 25 ml sample was poured into a

Nalgene® separatory furmel. An equal volume of chloroform (HPLC grade) was
used to rinse each original flask to reduce sample loss. This rinse was decanted

into the separatory funnel followed by extraction with vigorous shaking for 2 min.
The organic layer (bottom) was decanted through a funnel lined with a Whatman
No. 4 filter paper containing approximately 15 g of anhydrous sodium sulfate.

The filtrate was collected in a 500 ml round-bottom flask wrapped in foil. The
organic extraction procedure was performed three times to ensure complete
aflatoxin extraction.
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Chloroform was evaporated from each flask using a Rotavapor-R apparatus

(Buchi, Switzerland) at 50-55 °C to a volume of approximately 1 ml. The
remaining content of each flask was pipetted into a 4 ml amber glass vial. Flasks
were rinsed with another 1 ml aliquot of chloroform which was again pipetted into
the proper vial. Each sample vial was evaporated to dryness under nitrogen by
placing the vial in a warm water bath. Each dried sample was reconstituted with

0.5 ml of HPLC grade acetonitrile and filtered through an 0.45 nm Acrodisc 3 CR
PTFE filter (Gelman Sciences, Ann Arbor, MI). Samples were stored at -20 °C
until HPLC analysis.
HPLC analysis of residual aflatoxin

A Waters HPLC system (Millipore Corporation, Milford, MA)comprised

of a Model U6K injector and two Model 501 solvent pumps was used for analyses.
The system was controlled by the Baseline 810 Chromatography Workstation
Version 3.3 software (Millipore Corporation). A Waters fluorescence detector

Model 420-E using an excitation wavelength of 360 nm and an emission
wavelength of 440 nm was employed. The system was operated at 1.4 ml/min
isocratic solvent flow with gain set at 4 on the fluorescence detector. A reverse-

phase HPLC procedure was performed utilizing a Waters /x-Bondapak C^g column
(3.9 mm x 300 mm steel column)(Millipore Corporation). The column was
stored in methanol when not in use. Before analyses, the colunm and system
were allowed to equilibrate by running the analytical mobile phase at a rate of 0.5
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ml/min for approximately 2 h. For equilibration purposes and retention time
confirmation, 20 ng of AB|standard in acetonitrile were injected twice before
sample analysis. The elution solvent developed by Gregory and Manley (8) was
used for analyses. A solvent mixture of water-acetonitrile-methanol (66 : 25.2 :
8.8) was prepared by filtering each solvent component through an 0.45 nm PTFE

filter disc (Gelman Sciences) then combining components in a flask. This solvent
mixture was degassed under vacuum for 5 min. Gregory and Manley (8) indicated
that the acetonitrile component may be slightly varied to optimize individual
column resolution; however, adjustment was not necessary in these experiments.
Samples reconstituted in 0.5 ml of acetonitrile were removed from frozen

storage and allowed to warm to room temperature for approximately 1 h. Twenty
/il of sample were injected into the HPLC at a flowrate of 1.4 ml/min using an 18
min run time. Aflatoxin remaining after each treatment was calculated as a
percentage of the 0 h ABj peak area.
Experiment 2.

Methodology employed by Imai and Kuwatsuka (11) was used to

investigate induction of aflatoxin degradation in F. aurantiacum.
Culture conditions

Two 250 ml Erlenmeyer flasks containing 100 ml of tryptic soy broth (pH
7.0) were equipped with bacterial air vents, wrapped with foil and autoclaved at
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121 °C for 15 min. After cooling to 70 °C, one flask was supplemented with 50 ng

of ABj(0.5 Mg/ml)- Each flask was inoculated with approximately 9.0 log^o cells
of stock F. aurantiacum culture to serve as an induced and non-induced inoculum.

After 24 h incubation in a 30 °C shaker bath, cells from each inoculum were

harvested by centrifugation at 2,000 x g for 15 min at 4 °C. Cells were
resuspended in 10 ml of broth to serve as the induced and non-induced inocula.
Nineteen 50 ml Erlenmeyer flasks containing 25 ml of tryptic soy broth

(pH 7.0) were prepared as described in Experiment 1. An AB^ standard (50 ng)
was added to 18 flasks (2.0 Mg ABj/ml)followed by steaming for 10 min to
remove solvent. Samples were tested for AB^ degradation according to the
protocol outlined in Table 3.2. Samples were inoculated with approximately 9.0

logio logarithmic cells from the induced or non-induced inocula, as specified, and
samples were incubated at 30 °C in a shaker bath for the specified time period.
F. aurantiacum populations were determined as described in Experiment 1 upon
removal from incubation. Extraction and HPLC analysis were performed as
previously described.

RESULTS AND DISCUSSION

Experiment 1.

Flavobacterium aurantiacum cells were preincubated in 5.0 iig ABi/ml of
broth for 48 h to serve as an induced inoculum. In test broth containing 4.0 /xg

ABj/ml, these cells demonstrated slower initial growth during the first 12 h as
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TABLE 3.2. Protocol for Experiment 2: determination of
inducibility of aflatoxin
degradation in Flavobacterium
aurantiacum

Incubation

Test broth
Flask

ABj level (Mg/ml)

F. aurantiacum

period (h)

1

2

none

0

2

2

induced

0

3

2

non-induced

0

4

2

induced

3

5

2

non-induced

3

6

2

induced

6

7

2

non-induced

6

8

2

induced

9

9

2

non-induced

9

10

2

induced

12

11

2

non-induced

12

12

2

induced

18

13

2

non-induced

18

14

2

induced

24

15

2

non-induced

24

16

2

induced

53

17

2

non-induced

53

18

0

none

53

19

2

none

53

aurantiacum was induced with 0.5 pg ABi/ml for 24 h at
30 °C.
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compared to cells not previously exposed to AB^ (non-induced)(Fig. 3.1). Cell
populations were 8.9 logjo and 9.1 logjo cells/ml, respectively, after 12 h of
incubation. By 24 h, however, the induced cell population had increased to 9.8

logio CFU/ml while the non-induced population increased to only 9.5 log^o
CPU/ml. An 0.3 log^o CFU/ml population advantage continued for the induced
test system over 72 h. This advantage had decreased to 0.1 logjo CFU/ml by 96 h.

Cell numbers for both induced and non-induced populations were 9.8 log^o
CFU/ml at the 212 h sampling (Fig. 3.1).

A positive control sample composed of broth spiked with 5.0 /xg ABj/ml
(no F. aurantiacum) was analyzed at 0 h. The peak area of this sample was used
to calculate the percentage of ABj remaining in test samples after the specified
incubation period. The induced F. aurantiacum cells rapidly removed
approximately 50% of the AB^ in test broth during the initial 12 h of incubation
(Fig. 3.1). After 12 h, the non-induced inoculum system had 78% of the initial
ABj remaining. After 72 h of incubation, residual AB^ concentrations had been

reduced to 4.2 and 27.5% of the original concentration by induced and noninduced systems, respectively. Small amounts of AB^ remained in both induced

and non-induced test samples at the 96 h sampling. AB^ was not detected in any

sample at 212 h (Fig. 3.1). These results indicate that induced cells remove AB^
more efficiently in the first 72 h of incubation.

An interesting observation of this experiment was the low initial AB^
concentration detected during the first 6 h for the non-induced F. aurantiacum
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Figure 3.1. Comparison of aflatoxin removed rates and population growth of
induced (5.0 pg/ml) and non-induced Ravobacterium aurantiacum cultures in
tryptic soy broth at 30"C over 212 h of incubation.
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(0
3

population. At 0 h, only 62% of the original ABj concentration was detected with

a further decrease to approximately 57% by 6 h (Fig. 3.1). It is unlikely that the
first two low ABj concentrations detected for the non-induced inoculum resulted

from initial AB^ spiking, sampling or analytical errors since both replicates were
similar. Several investigators have demonstrated that certain aromatic

hydrocarbon chemicals, such as some pesticides, that have similar chemical
structures to aflatoxin are metabolized by Flavobacterium sp. or other genera as
carbon sources (2, 4, 11, 12, 21, 28). The rapid initial removal of aflatoxin by

metabolism, however, would not have occurred at time 0. Since ABj
concentration was substantially less for the non-induced cells, binding of AB^ by
the bacterial cells carmot be ruled out. Other researchers have suggested that
binding of AB^ may be the mechanism of removal of the toxin from solution (20).
The 0 h induced cell count was identical to that of the non-induced inoculum,

therefore, differences in residual ABj in induced versus non-induced test systems
cannot be attributed to F. aurantiacum cell count. The induction procedure in

which F. aurantiacum was cultivated in broth containing AB^ may have filled
aflatoxin binding sites assuming this hypothesis is valid. Non-induced cells would

have all binding sites open and could reduce residual ABj in broth immediately
due to cellular binding. Also interesting is the increase in residual AB^ at 12 h
for non-induced cells. If the initial reduction in AB^ is actually a binding
phenomenon in non-induced cells, the release of bound ABj after 6 h at 30 °C
may be attributed to death of some of the initial F. aurantiacum cells. This
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release was seen to a much lesser extent in the induced cells between 12 and 24 h,

probably because of adaptation and selection in the induction process.
After the initial 24 h of incubation, AB^ removal seemed to be a function

of the cell population. From this time on, the induced cell samples had slightly
higher cell counts and also eliminated slightly more ABj. This indicates that
detoxification and/or removal of AB^ from broth is substantially increased by
inducing F. aurantiacum cells prior to experimentation. The rapid increase in cell
populations during the first 12 h indicates that ABj at a level of 4.0 Mg/ml is not
toxic to F. aurantiacum in tryptic soy broth. The slightly slower growth observed
for induced cells over this period may be attributed to a need for repair of the
cells from the previous incubation with AB^. This theory is supported by the fact
that ABi interferes with cellular protein synthesis and may, thus, restrict cellular

growth (20). Another possibility is that the induced cells already possessed the
cellular enzyme(s) responsible for AB^ bioconversion and, therefore, began

metabolizing the toxin immediately; sacrificing energy and slowing cellular growth.

This hypothesis is supported by our data where the induced cells removed ABj
rapidly during the initial 12 h of incubation.

Residual ABj was determined by HPLC. ABj had a retention time of 13.6
min. Control samples indicated that tryptic soy broth alone or following 212 h of
F. aurantiacum growth provided no detectable peaks with the fluorescence

detector after 5.5 min , with the exception of a small peak at 7.5 min. Including
the ABj peak, six peaks were routinely observed on chromatograms for both
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induced and non-induced test samples throughout incubation. These peaks
appeared at approximately 7.0, 9.8, 10.7, 11.4, 13.6 (ABj) and 16.6 min, although
not all peaks were present at every sampling time.
The peaks observed at 0 h with retention times of 7.0, 9.7 and 11.3 min

ranged in peak areas from 100,000 to 300,000 and, as a general rule, steadily
declined throughout 212 h of incubation in both induced and non-induced

samples. The most obvious difference in chromatograms between these samples
was a peak at 10.6 min. From the 24 h sampling to the 72 h sampling, this peak
increased sharply from an area of 200,000 to 1,200,000 for the non-induced
samples. Conversely, this peak declined from 200,000 to 24,500 over the same

time frame for the induced test system. A peak appeared at 16.6 min by the 72 h
sampling for both induced and non-induced samples. For the non-induced
culture, a small peak having an area of 74,000 appeared after 72 h then was

slowly reduced to 17,000 by 212 h. The induced culture, however, showed a peak
of only 10,700 at 16.6 min after 72 h. This peak increased to 112,000 over the
next 24 h and was then reduced to 20,000 by 212 h. With no sampling time
immediately preceeding the 72 h sampling, it is unclear whether the non-induced
culture reached a higher level for this 16.6 min peak between the 24'" and 72"" h

of incubation to more closely approximate the rise and fall pattern observed for

the induced culture. Furthermore, it is possible that the large peak observed at

10.7 min for the non-induced culture also occurred in the induced culture system
between 24 to 72 h when no sampling was performed and was, subsequently,
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further transformed before the 72 h sampling. ABj was broken down at a slower
rate by non-induced cells and at least two intermediate bioconversion products
were produced during ABj biodegradation.
Experiment 2.

Flavobacterium aurantiacum cells were preincubated with 0.5 /xg ABj/ml of
broth for 24 h to serve as an induced inoculum. Induced and non-induced

(preincubated in broth only) cultures then were tested for their ability to remove

ABj at a level of 2.0 jug/ml from tryptic soy broth over a 53 h period. Similarly to
Experiment 1 (Fig. 3.1), the induced population exhibited slower growth than non-

induced cells during the initial 12 h of incubation (Fig. 3.2). This lag in growth
was especially evident during the first 6 h where the non-induced population

increased from 7.3 logjg to 8.1 logjo CFU/ml while the induced population only
reached 7.5 logjo CFU/ml. By 18 h, induced cell numbers had surpassed those of
the non-induced population by approximately 0.5 logjo CFU/ml.
ABj removal in the initial 12 h of incubation by induced versus non-

induced F. aurantiacum cells in Experiment 2 (Fig. 3.2) was different from
Experiment 1 (Fig. 3.1). Induction of ABi-degrading ability was not observed in

Experiment 2. AB^ removal seemed to be a function of cell population or cell
properties. A lag period was observed for the induced culture as compared to the
non-induced over the initial 6 h of incubation for both growth and toxin removal.
A slight population advantage remained for the non-induced culture at the 12 h
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sampling. By 12 h, the non-induced culture had removed 75% of the initial AB^
(either by binding or degradation) while only 18% of the AB^ was removed by the
induced culture (Fig. 3.2). The induced culture rapidly reduced AB^
concentration in the test broth from 83% to approximately 10% between the 12"*

and 18"* h of incubation. Concurrently, cell population increased rapidly for the
induced culture during this time period.

The slow initial removal of ABj from solution by the induced cells is

difficult to explain, especially considering the results obtained in Experiment 1.
Toxicity of AB^ to F. aurantiacum cells during the induction procedure should
have been less in Experiment 2 since 10 times less ABj was used. Furthermore,

less ABj(2.0 Mg/ml) was used in the test broth in Experiment 2. It is likely that a
more efficient selection of AB^-tolerant cells was accomplished during Experiment
1 induction as compared to Experiment 2. In fact, 0.5 ixg AB^/ml may have
merely injured healthy cells rather than selecting the more tolerant ones. In

Experiment 1, 5.0 ng ABj/ml was used for induction and 4.0 Mg/ml was used in

the test systems. Conversely, only 0.5 Mg/ml was used in Experiment 2 for
induction with 2.0 /ig/ml being tested. This theory is supported by the data since
trends for ABj removal for induced and non-induced cells were almost identical if
the lag period of induced cells is not considered.

Chromatograms indicated that two to three transitional products were
produced during biodegradation of AB^. These products seemed to differ or were
produced at different points during incubation for the induced and non-induced
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culture systems. When detected, the products appeared on chromatograms at 6.9,
8.4, and 16.5 min (ABj appeared at 14.7 min). Only one transitional product
producing a small peak at 8.4 min developed for the non-induced culture. The

induced culture, however, produced peaks for all three products at some point
during the 53 h incubation period. The 8.4 min peak was detected after 3 h,

increased at the 6 h sampling, and was completely eliminated by the 18"* h. The

induced system produced a 16.5 min peak at two different points during the 53 h
incubation period. A large peak was detected at 6 h. This peak was not observed
in subsequent samples until the 53 h sampling.
CONCLUSIONS

Induction of degrading activity of Flavobacterium sp. towards organic

chemicals has been demonstrated (11, 15, 27). This was done by preincubating an
inoculum in a medium supplemented with the chemical being tested, or a closely
related chemical, followed by incubation of the inoculum in a test system
containing the chemical of interest. Imai and Kuwatsuka (11) concluded that the

degradation of molinate by flavobacteria was due to inducible enzymes. Steiert et

al. (27) reported that Flavobacterium sp. degraded pentachlorophenol via an
inducible en2:yme system. The above studies did not follow flavobacteria

population growth throughout incubation. This investigation indicates that the

concentration of the chemical used during preincubation of cells to prepare an

induced inoculum may be an important factor in subsequent degradation tests.
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Experiment 2 indicated that a very low level of ABj did not increase ABj
degrading activity in F. aurantiacum and could even hinder removal initally.
When these cells were added to a test medium containing a higher level of ABj,
there was a substantial lag in both population growth and AB^ removal. No

induction was observed and there appeared to be a slight toxicity associated with
the test broth. Experiment 1 indicated an adaptation or selection of cultures for

increased degradation of AB^ since a slightly lower population increase was
observed for the induced culture with a faster removal of ABj from the test broth.

Monitoring of the microbial population level during this type of testing is
encouraged since degrading activity seems to be a function of both the population
level (as seen in Experiment 2) and of the preparative cultivation environment of
the inoculum (exhibited in Experiment 1).

More research is needed to further define factors involved in the apparent
induction of ABj degrading activity by F. aurantiacum. Consideration should be

given to chemical concentrations used during preincubation of inocula and

analysis, selection of aflatoxin resistant cells, induction of degrading activity by
other forms of aflatoxins, and the cellular effects of aflatoxins on F. aurantiacum.

Perhaps the apparent induction of aflatoxin degrading ability of F. aurantiacum is
merely a selection process of AB^ tolerant cells. Our data suggests that a
constitutive enzyme(s) is responsible for AB^ removal since non-induced cultures
removed aflatoxin from solution immediately.
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CHAPTER IV

DETERMINATION OF SUBSTRATE SPECIFICITY IN THE DEGRADATION

OF AFLATOXINS BY Flavobacterium aurantiacum (Exiguobacterium aurantiacum)

ABSTRACT

Aflatoxins B^, Gj, Bj, Gj, Mj, M2, and

were irreversibly removed from

tryptic soy broth by Flavobacterium aurantiacum, although at varying degrees of
efficiency. Aflatoxicol (R^) was not removed by the organism. When 0.005 to 1.0

jLtg/ml of aflatoxins B^ and G^ were tested simultaneously, F. aurantiacum
removed 100% of both toxins during 48 h of incubation (monitored by high

performance liquid chromatography). The organism removed 99 and 100% of Bj
and Gj, respectively, when the toxins were tested separately at an initial
concentration of 1.0 Mg/ml during 60 h of incubation. Degradation of both toxins
lead to the production of at least one product that eluted at 19.3 and 20.8 min for

Bi and G^, respectively. At concentrations of 2.0 to 8.0 /xg/ml, Gj was removed

preferentially in the presence of B^. When aflatoxins Bj and Gj were tested
simultaneously at a concentration of 0.0015 Mg/ml, F. aurantiacum removed 91
and 87% of the toxins, respectively, in 48 h. Increasing toxin concentrations from
1.0 to 4.0 /ig/ml, again, lead to preferential removal of the G form of aflatoxin.

Aflatoxin Bj, tested separately at a concentration of 1.0 /xg/ml, was removed from
broth by F. aurantiacum more efficiently than when tested in the presence of
aflatoxin G2.
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INTRODUCTION

Aflatoxins are a group of toxic chemicals produced by Aspergillus flavus, A.

parasiticm, and A. nominus as secondary metabolites (13, 22). Naturally occurring
aflatoxins can be converted to other forms by animal metabolism which often

results in some degree of detoxification (25). Toxicity, mutagenicity,
teratogenicity, and carcinogenicity are characteristics exhibited by aflatoxins that

make them a significant concern in agriculture and food production (14, 26).
Aflatoxins are the only mycotoxins officially regulated in the United States and
limits of 0.5, 20, and 300 ppb have been imposed for milk, agricultural
commodities for human consumption, and finishing rations for beef and swine,
respectively (8).

Substantial economic losses occur each year in agriculture due to rejected
or devalued crops and products, losses in animal productivity, increased animal
health care costs, and costs associated with screening programs as the result of
aflatoxin contamination (8). Several techniques for aflatoxin detoxification or

removal from commodities have been attempted with varying degrees of success

(19). All of these techniques have significant disadvantages including expense,
losses in nutrient content, negative palatability effects, and/or toxic residues (19).
Biological approaches to aflatoxin detoxification have been few and, to this point,
only novel approaches. Environmental bioremediation of chemically

contaminated soil and water has been more successful. Processes to degrade
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pesticides, recalcitrant compounds, and crude oil from spills have been used
successfully (1, 7, 21).
Many of environmental bioremediation studies have identified

Flavobacterium spp. in the degradation of several chemical contaminants (2, 4, 5,
11, 12, 18, 20, 21, 23, 24). Flavobacterium aurantiacum has been shown to remove

aflatoxins from various solutions (6, 10, 15, 16, 17). It is possible that
bioremediation procedures successfully used to remove environmental toxic
contaminants from soil and water might be applicable in the removal of aflatoxins

from agricultural commodities. The objectives of this investigation were to
confirm F. aurantiacum's ability to irreversibly remove aflatoxins from solutions
and to determine substrate specificity of the organism to various forms of
aflatoxins.

MATERIALS AND METHODS

Substrate specificity of F. aurantiacum to various forms of aflatoxins was

investigated. Experiments were performed using five concentrations of aflatoxins

and Gj(0.005, 1.0, 2.0, 4.0, and 8.0 Mg/ml) and four concentrations of Bj and
Gj(0.0015, 1.0, 2.0, and 4.0 /xg/ml). Two replications of each test were
performed in all experiments.

Preparation of inoculum

Flavobacterium aurantiacum NRRL B-184 (L.K. Nakamura, USDA-ARS,
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Northern Regional Research Center, IL) cells were prepared for use as an

inoculum as described by Imai and Kuwatsuka (11). A 250 ml Erlenmeyer flask
containing ICQ ml of tryptic soy broth (BBL, Cockeysville, MD)(pH 7.0) was
equipped with a one-bole rubber stopper and attached bacterial air vent (0.45

Mm)(Gelman Sciences, Ann Arbor, MI) to provide sterile aerobic conditions
within the flask. This flask was autoclaved at 121 °C for 15 min and allowed to

cool to room temperature. One loopful of stock F. aurantiacum cells was scraped
from a slant and inoculated into the broth. The flask was incubated at 30 °C for

24 h in a shaker bath. Cells were harvested by centrifugation at 2,000 x g for 15
min at 4 °C. Cells were resuspended in 10 ml of tryptic soy broth to serve as an
inoculum.

Experiment 1.

Fifty ml Erlenmeyer flasks containing 25 ml of tryptic soy broth (pH 7.0)
were fitted with bacteriological air vents, wrapped in foil, and autoclaved at 121

°C for 15 min. After tempering to 50 °C, each flask was supplemented with
aflatoxin B^ (AB^) or an aflatoxin B1-B2-G1-G2 mixed standard (Sigma Chemical
Co., St. Louis, MO)prepared in acetonitrile as described in Table 4.1. The flasks

were allowed to cool to room temperature, at which time, they were inoculated
with logio 5.8 F. aurantiacum cells/ml. Samples were incubated in a shaker bath
at 30 °C for 48 h. Samples were removed from incubation and stored at -20 °C
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TABLE 4.1. Protocol for Experiment 1: substrate specificity of
Flavobacterium aurantiacum to afiatoxins
G^, 5^ and Gj at 30"C
for 48 h.
Samples

Treatment

2

Tryptic soy broth only

2

Broth + ABi

1.0

2

Broth + AB^ +

1.0

Aflatoxin level (/ig/ml)
none

F. aurantiacum
2

0.0050 each (AB^ and AGj)
0.0015 each (ABj and AG2)

Broth + mixed
aflatoxins

2

0.0050 each (AB^ and AG^)
0.0015 each (ABj and AG2)

Broth + mixed
aflatoxins + F.
aurantiacum
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until extraction. The amount of aflatoxin removed by F. aurantiacum was

calculated as a percentage of the peak area of the uninoculated samples.
Experiment 2.

Flasks containing tryptic soy broth and specified aflatoxins were prepared
as described in Experiment 1. Aflatoxins B^, G^, Bj, and Gj were prepared as
standards (Sigma Chemical Co., St. Louis, MO)in acetonitrile and were added to

test broth as described in Table 4.2. Samples were inoculated with approximately
logio 6.0 F. aurantiacum cells/ml and incubated for 96 h in a 30 °C shaker bath.

After incubation, samples were immediately frozen at -20 °C until extraction. The
amount of aflatoxin removed by F. aurantiacum during 96 h of incubation was

calculated as a percentage of the peak area of the uninoculated samples.
Experiment 3.

To eliminate effects of one form of aflatoxin on F. aurantiacum's ability to

degrade another form, aflatoxins Bj, Gj, Bj, Gj, M^, Mj, Qj, and aflatoxicol (R^)
were tested individually. Broth samples were prepared as described previously.
Specific forms of aflatoxins were added to test broth as described in Table 4.3.

Samples were inoculated with log^g 6-6 F. aurantiacum cells/ml and incubated for
0 or 60 h at 30 °C in a shaker bath. Samples were removed from incubation,
stored, and extracted as described earlier. The amount of each form of aflatoxin

removed after 60 h was calculated as a percentage of the 0 h peak area.
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TABLE 4.2. Protocol for Experiment 2: substrate specificity of

Flavobacterium aurantiacum to aflatoxins

am/ Gj at 30 °Cfor

96 h.

Samples

Treatment

Level of each
aflatoxin

(Mg/ml)
2

Broth + ABj-AGi

2.0

2

Broth + AB^-AGi +

2.0

F. aurantiacum
2

Broth + AB^-AGj

4.0

2

Broth + ABj-AGi +

4.0

F. aurantiacum
2

Broth + ABj-AGj

8.0

2

Broth + ABj-AGj +

8.0

F. aurantiacum
2

Broth + AB2-AG2

1.0

2

Broth + AB2-AG2 +

1.0

F. aurantiacum
2

Broth + AB2-AG2

2.0

2

Broth + AB2-AG2 +

2.0

F. aurantiacum
2

Broth + AB2-AG2

4.0

2

Broth + AB2-AG2 +

4.0

F. aurantiacum
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TABLE 4.3. Protocol for Experiment 3: substrate specificity of
Flavobacterium aurantiacum to aflatoxins
By Gy My My Qy
and Rq tested individually at 30 °C for 60 h.
Samples

Treatment

0, 60 h

Broth only

0, 60 h

Broth + ABj +

Aflatoxin level (/xg/ml)

none

1.0

F. aurantiacum

0, 60h

Broth + AGi +

1.0

F. aurantiacum

0, 60 h

Broth + ABj +

1.0

F. aurantiacum

0, 60 h

Broth + AGj +

1.0

F. aurantiacum

0, 60 h

Broth + AM^ +

0.08

F. aurantiacum

0, 60 h

Broth + AMj +

0.08

F. aurantiacum

0, 60 h

Broth + AQj +

0.08

F. aurantiacum

0, 60 h

Broth + ARq +
F. aurantiacum
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0.08

Extraction and preparation of samples

Flasks were removed from frozen storage and allowed to thaw at room
temperature for approximately 1 h. Each 25 ml sample was poured into a

Nalgene® separatory funnel. An equal volume of chloroform (HPLC grade) was

used to rinse each original flask. This rinse was decanted into the separatory
funnel followed by extraction with vigorous shaking for 2 min. The organic layer
(bottom) was decanted through a funnel lined with a Whatman No. 4 filter paper
containing approximately 15 g of anhydrous sodium sulfate. The filtrate was

collected in a 500 ml round-bottom flask wrapped in foil. The organic extraction
procedure was repeated three times to ensure complete aflatoxin extraction.

Chloroform was evaporated from each flask using a Rotavapor-R apparatus
(Buchi, Switzerland) at 50-55 °C to a volume of approximately 1 ml. The
remaining content of each flask was pipetted into a 4 ml amber glass vial. Flasks

were rinsed with another 1 ml aliquot of chloroform which was, again, pipetted
into the proper vial. Each sample vial was evaporated to dryness under nitrogen
by placing the vial in a warm water bath. Each dried sample was reconstituted
with 0.5 ml of HPLC grade acetonitrile and filtered through an 0.45 pm Acrodisc
3 CR PTFE filter (Gelman Sciences). Samples were stored at -20 °C until HPLC
analysis.

85

HPLC analysis of residual aflatoxin

A Waters HPLC system (Millpore Corporation, Milford, MA)comprised of
a Model U6K injector and two Model 501 solvent pumps was used for analyses.
The system was controlled by the Baseline 810 Chromatography Workstation
Version 3.3 software (Millipore Corporation, Milford, MA). A Waters

fluorescence detector Model 420-E using a mercury lamp and having filters with
an excitation wavelength of 360 nm and an emission wavelength of 440 nm was

used. The system was operated at 1.4 ml/min isocratic solvent flow with gain set
at 4 on the fluorescence detector. A reverse-phase HPLC procedure was
performed utilizing a Waters /x-Bondapak C^g column (3.9 mm x 300 mm steel
column)(Millipore Corporation). The column was stored in methanol when not

in use. Before analyses, the column and system were allowed to equilibrate by
running the analytical mobile phase at a rate of 0.5 ml/min for approximately 2 h.

For equilibration purposes and retention time confirmation, 20 /xg of ABj
standard in acetonitrile were injected twice before sample analysis. The elution

solvent developed by Gregory and Manley (9) was used for analyses. A solvent

mixture of water-acetonitrile-methanol (66 : 25.2 : 8.8) was prepared by filtering
each solvent component through an 0.45 /xm PTFE filter disc (Gelman Sciences)
then combining components in a flask. This solvent mixture was degassed under
vacuum for 5 min. Gregory and Manley (9) indicated that the acetonitrile
component may be slightly varied to optimize individual column resolution,

however, adjustment was not necessary in these experiments.
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Samples reconstituted in 0.5 ml of acetonitrile were removed from frozen

storage and allowed to warm to room temperature for approximately 1 h. Twenty
nl of sample were injected into the HPLC at a flowrate of 1.4 ml/min using an 18
min run time.

RESULTS AND DISCUSSION

In Experiment 1, the ability of F. aurantiacum to remove low levels of

aflatoxins Bj, Gi, Bj, and G2 from solution as described by other researchers (6,
10, 15, 16, 17) was verified. After 48 h of incubation, the organism removed
100% of both ABi and AG^ at initial concentrations of 0.005 /xg/ml and 100% of

ABj at a level of 1.0 ng/val (Table 4.4). AB2 and AG2 at an initial concentration
of 0.0015 Mg/nd each decreased by 91 and 87%, respectively, after 48 h (Table
4.4). Chromatogram retention times were approximately 8.2, 10.4, 10.6, and 13.5
min for AG2, AG^, AB2, and AB^, respectively. No new peaks were detected on

the chromatograms following 48 h of incubation compared to the uninoculated
48 h controls.

In the second experiment, high concentrations of AB^ and AG^ ranging
from 2.0 to 8.0 Mg/ml each and of AB2 and AG2 from 1.0 to 4.0 Mg/ml each were
tested to observe the effect of toxicity to F. aurantiacum on biodegradation of the
toxins by the organism. Aflatoxins are proven mutagens and interfere with
cellular protein synthesis (3). Also, the various forms of aflatoxins have different

toxicities (25). Therefore, increasing concentrations of aflatoxins are likely to
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TABLE 4.4. Percent reduction of aflatcodns
aurantiacum in tryptic soy broth at 30 °C.

and

after incubation with F.

Initial toxin

Incubation

concentration

period

(lig/ml)

(h)

AB,

AG,

detected

0.005

48

100

100

no

1.0

48

100

100

no

1.0

60

98.8®

100®

yes''

2.0

96

15.7

62.3

yes"^

4.0

96

8.8

34.5

yes"

8.0

96

-30.4

74.3

no

Reduction in peak area(%)

New peaks

®Toxins were tested individually.

''New peaks detected at 19.3 and 20.8 min for AB^ and AG^, respectively.
"New peak detedted at 10.8 min.
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alter the organism's degradative patterns. Percent reductions of the four forms of
aflatoxins were determined compared to peak areas for 96 h uninoculated control

samples (Table 4.5). F. aurantiacum degraded AG^ preferentially in samples
supplemented with 2.0 to 8.0 /xg/ml of aflatoxins

and

in combination. At

2.0 Mg/ml, the organism removed 62% of AGj and 16% of ABj(Table 4.5).
While the amount of each toxin removed was less at a concentration of 4.0 /xg/ml,
AGj was, once again, removed to a greater degree (Table 4.5). At the two
aflatoxin concentrations, degradation resulted in at least one new product with a

retention time of approximately 10.9 min. AB^ and AG^ eluted at approximately
13.0 and 10.0 min, respectively. Results for Bj and G^ degradation at a

concentration of 8.0 /ig/ml were somewhat confusing. AB^ peak area actually
increased by approximately 30% while the AG^ peak area decreased by 74%
(Table 4.5). Also, no new peaks were detected in chromatograms in contrast to
concentrations of 2.0 and 4.0 /xg/ml. These results suggest that the unknown peak
(10.9 min) was likely a product of AB^ degradation since it was not seen when

ABj was not degraded at the 8.0 /xg/ml level. The 30% increase in AB^ peak
area at this level is difficult to interpret. The likelihood of error resulting from
supplementation, extraction or analysis was diminished by performing replications
in duplicate.

In Experiment 1, ABj and AGj were tested at 0.0015 /xg/ml. After 48 h of

incubation with F. aurantiacum, 91 and 87% of ABj and AG2, respectively, were
removed (Table 4.4). At higher concentrations (1.0 to 4.0 /xg/ml) in Experiment
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TABLE 4J. Experiment 2: biodegradation of high concentrations of aflatoxins

and

(2.0-8.0 pg/ml) and By and Gy (1.0-4.0 pg/ml) by F. aurantiacum in tryptic soy broth at 30 °C
for 96 h.

Reduction in peak area(%)
Initial toxin
Aflatoxin

concentration

B form

G form

tested®

Bj and

By and Gy

New peaks
detected

2.0 each

16

62

yes''

4.0 each

9

35

yes''

8.0 each

-30'

74

no

1.0 each

11

73

no

2.0 each

9

64

no

4.0 each

69

98

no

'
The two toxins were tested in combination.

'' A new peak was detected at 10.8 min.
The peak area increased by 30% during 96 h of incubation.

C'
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2, the organism removed AGj preferentially over ABj when tested in combination

(Table 4.5). Flavobacterium aurantiacum removed 69 and 98% of ABj and AG2,
respectively, after 96 h at an initial level of 4.0 Mg/ml. No new peaks were
detected during this degradation. Experiments 1 and 2 results indicate that

aflatoxins of the G family, generally, were degraded preferentially, although not
exclusively, in the presence of B aflatoxins.

Experiment 3 tested F. aurantiacum's ability to remove 1.0 Mg/ml of
aflatoxins Bj, G^, B2, and G2 from solution when each toxin was added separately.
This investigation was performed to provide insight as to whether the organism
preferred one form of aflatoxin over another. The HPLC run time was increased

to 30 min in this investigation to detect any late eluting peaks. After 60 h of

incubation, 99% of AB^ and 100% of AG^ were removed (Table 4.6). The same
results were seen in Experiment 1 (Table 4.4) when these toxins were tested
together; therefore, preferential degradation of one toxin does not seem to occur

at concentrations <1.0 Mg/nd. Since Experiment 2 results (Table 4.5) indicated
that AGj was preferentially degraded at levels > 1.0 Mg/ml, further research is
needed evaluating effects of different levels of each toxin tested separately and in

combination. The increased run time of this investigation revealed peaks eluting
at 19.3 and 20.8 min from the degradation of ABj and AGj, respectively.

Incubation of 1.0 /xg/nil of AB2 and AG2 separately (Table 4.6), suggests that F.
aurantiacum does preferentially degrade AG2 when the toxins are present

together. Greater than 50% of AB2 was removed over 60 h when it was the sole
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TABLE 4.6. Experiment 3: biodegradation of low concentrations of aflatoxins

(ei^tforms), tested individually, by F. aurantiaciim in tryptic soy broth at 30"Cfor
60 h.

Initial toxin
Aflatoxin

concentration

Reduction in

New peaks

tested

(lig/ml)

peak area(%)

detected

Bi

1.0

99

yes ®

Gi

1.0

100

yes''

B2

1.0

>50®

no

G2

1.0

43

no

Ml

0.08

100

no

Mj

0.08

100

yes ^

Qi

0.08

48

no

Ro

0.08

0

no

® A new peak was detected at 19.3 min.
A new peak was detected at 20.8 min.

^ The uninoculated sample provided a peak area that was offscale.
d'

Two new peaks were detected at 9.6 and 16.1 min.
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toxin present; whereas, only 11% of ABj was removed after 96 h when added with

AGj(Table 4.5). F. aurantiacum degraded 43% of AGj in 60 h when it was
present alone in broth (Table 4.6). When this toxin was added with ABj at 1.0

Mg/ml each in Experiment 2(Table 4.5), the AGj peak area decreased by 73%.
The additional 30% removal of AGj observed in Experiment 2 is likely due to a

36 h longer incubation period. No new peaks were detected in either the ABj or
AGj degradations.

In Experiment 3, aflatoxins M^, Mj, Q^, and aflatoxicol (R^) were tested

individually over a 60 h period at a level of 0.08 Mg/ml. Flavobacterium
aurantiacum removed 100, 100, 48, and 0% of these toxins, respectively (Table

4.6). Only aflatoxin Mj degradation resulted in new peaks being detected. Two
peaks occurred at 9.6 and 16.1 min after 60 h of incubation.

CONCLUSIONS

Aflatoxins are of concern in the food chain since they have been shown to

be highly toxic, mutagenic, teratogenic, and carcinogenic in several animal species.
Disadvantages associated with traditional means of removal of aflatoxins from

food and feedstuffs make the possible use of biological techniques attractive.
Results of this investigation indicate that F. aurantiacum may deserve future

attention as a means of aflatoxin detoxification in food products.
In a broth system, F. aurantiacum seems to be efficient in aflatoxin removal

when concentrations of the toxins are in the low parts per million (ppm) range.
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Although these concentrations may seem low, a substantial economic loss in

agriculture is realized each year by rejection of commodities contaminated at

levels greater than 20 ppb (legal limit for human consumption) and 300 ppb (legal
limit for animal feeds). This investigation indicates that this organism, or perhaps
enzymes produced by it, may be a valuable tool to remove these low aflatoxin

levels. Since aflatoxins B^, Gj, Bj, and Gj can occur naturally in food crops, the

preferential degradation of AG^ and AGj is of concern because ABj is the most
toxic of the aflatoxins. However, further study of the degradation process of F.
aurantiacum and isolation of the cellular components involved may allow
optimization of AB^ degradation.
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CHAPTER V
DETERMINATION OF CYTOSOLIC AFLATOXIN DEGRADING ACTIVITY

OF Flavobacterium aurantiacum (Edguobacterium aurantiacum) CELLS

ABSTRACT

Flavobacterium aurantiacum was grown for 24 h in 250 ml of tryptic soy

broth. A cell-free extract of this culture was prepared for testing by
centrifugation. The cells obtained during this separation were divided further into
cytosol and membrane fractions by preparative ultracentrifugation. The three

fractions were analyzed for aflatoxin Bj degrading activity at 30 °C. Aflatoxin
removal over 60 h of incubation by the cell-free supernatant was tested at an
initial concentration of 2.0 /ig/ml. The supernatant removed only 16% of
aflatoxin Bj. The cytosol portion of F. aurantiacum cells effectively removed 99%

of the toxin (initial concentration of 5.0 Mg/ml); whereas, the membrane fraction
only removed 27% during 48 h of incubation. It was concluded that this cytosol

fraction may be a valuable source of an aflatoxin degrading enzyme(s) and that
this enzyme(s) is produced constitutively by F. aurantiacum.
INTRODUCTION

Aflatoxins are considered as unavoidable contaminants of certain foods and

are regulated by the Food and Drug Administration. Legal limits of 20 and 0.5
ppb are set for aflatoxins in foods for human consumption and in milk,
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respectively (6). Substantial economic losses are incurred in agriculture each year
as a result of aflatoxin contaminated commodities (6). The toxic, mutagenic,

teratogenic and carcinogenic nature of these toxins make them a major concern in
human and animal health (12, 15, 24).
Methods to remove aflatoxins from food and feedstuffs are, for the most

part, physical or chemical and possess numerous disadvantages (19). These
include higher costs, formation of harmful residues, nutritive losses, and reduction
of palatability. Biological removal of aflatoxins from microbiological media and
other solutions has received some attention (5, 8, 9, 16, 17, 18); however, at

present are only novel approaches.

Flavobacteria were investigated in numerous environmental bioremediation
studies and were shown to remove a wide range of toxic pollutants from soil and

water (1, 3, 10, 11, 14, 20, 22, 23, 25). Several of these studies isolated enzymes
responsible for the various chemical degradations (1, 2, 3, 4, 14, 20, 21). Kawai
and Yamanaka (14) found polyethylene glycol degrading activity located in the
membrane fraction of bacterial cells; whereas, Mulbry and Karns (20) found
parathion degrading activity located in the cytosol of one gram-negative bacterium
and in the membrane fraction of two other bacteria. Flavobacterium aurantiacum

irreversibly removed aflatoxins from solution (5, 8, 9, 16, 17, 18); however, limited
research has addressed the mechanism of this removal. The objective of this
study was to isolate the cellular fraction of F. aurantiacum which exhibits aflatoxin
degrading activity as a step towards future enzyme isolation studies.
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MATERIALS AND METHODS

Growth conditions and inital cell fraction preparation
Flavobacterium aurantiacum (Exiguobacterium aurantiacum) NRRL B-184

(L. K. Nakamura, USDA-ARS, Northern Regional Research Center, IL) was
grown on tryptic soy agar (BBL, Cockeysville, MD)slants at 30 °C for 48 h. Stock

cultures were stored at 4 °C and transferred weekly to new agar slants. One

loopful of F. aurantiacum cells was inoculated into 250 ml of tryptic soy broth (pH
7.0) contained in a 1 L Erlenmeyer flask. The flask was sealed by a one-hole
rubber stopper equipped with a 0.45 pm bacteriological filter (Gelman Sciences,
Ann Arbor, MI) to allow sterile aerobic conditions within the flask. The flask was

incubated for 24 h with continuous agitation in a shaker bath at 30 °C. After
incubation, the broth culture was divided into 50 ml portions and cells were
harvested by centrifugation at 15,000 x g for 10 min at 4 °C. The supernatant
from each portion was combined, filter-sterilized (0.45 pm) and stored at 4 °C for
further experimentation (approximately 7 d). Cell pellets were combined, washed
twice in 0.01 M potassium phosphate buffer (pH 7.0), and resedimented at 15,000
X g for 10 min at 4 °C. The combined cell pellet was stored at 4 °C for further

preparation. This cell preparation procedure was used for two inocula to
replicate of the experiment.
Investigation of aflatoxin degradation by supernatant

Cell supernatant obtained from the above procedure was examined to
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determine if an extracellular component(s) of F. aurantiacum cells was responsible

for aflatoxin bioconversion. An aflatoxin

(AB^) standard (Sigma Chemical Co.,

St. Louis, MO)solution was prepared in acetonitrile at a concentration of 1.0

Hg/fih A 50 /il aliquot of standard was added to 25 ml of filter-sterilized
supernatant (test sample) and to 25 ml of potassium phosphate buffer (positive

control) at pH 7.0 in 50 ml Erlenmeyer flasks. All flasks were wrapped in
aluminum foil prior to addition of AB^ to eliminate the destructive effects of light
on aflatoxin. A supernatant only sample (negative control) was also analyzed. A 0
h and 60 h sample was identically prepared for each treatment. The 0 h samples
were immediately frozen at -20 °C following ABj addition. The 60 h samples
were incubated for this period in a shaker bath at 30 °C. After 60 h of
incubation, these samples were also frozen until extraction.
Determination of AB^-degrading ability of cellular membrane and cytosol fractions
Separation of cellular fractions was accomplished following the procedure

described by Kawai and Yamanaka (14). The cell pellets obtained during initial
cell fraction preparation for replications 1 and 2 were combined to increase cell
concentration. This combined pellet was resuspended in 30 ml of 0.01 M

potassium phosphate buffer (pH 8.0) and the F. aurantiacum cells were disrupted
by continuous sonification in an ice bath for 2.5 h. Cell debris was removed

subsequently by centrifugation at 10,000 x g for 20 min at 4 °C. The resulting

cell-free extract was fractionated in a preparative ultracentrifuge at 68,000 x g for
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60 min at 4 °C. The resulting sedimented debris was analyzed as the membrane

fraction and the supernatant as the cytosol fraction (14). The membrane fraction
was washed with 15 ml of 0.01 M potassium phosphate buffer (pH 7.0) and
recentrifuged at 68,000 x g for 30 min at 4 °C. The resulting supernatant was
discarded and the membrane fraction was reconstituted in 5 ml of potassium
phosphate buffer (pH 7.0) for analysis.
The cytosol and membrane fractions of F. aurantiacum were assayed for

ABj degrading activity. Five ml of cytosol fraction were added to each of two 30
ml screw-capped test tubes; one tube to be incubated for 0 h and the other for 48
h. Two tubes containing 5 ml of membrane fraction were prepared in the same
manner. Two tubes containing 5 ml of 0.01 M potassium phosphate buffer (pH

7.0) were prepared to serve as 0 and 48 h positive controls. Twenty-five m1 of ABj
standard were added to each sample tube (5.0 ^g/ml). The 0 h samples were
immediately frozen at -20 °C. The 48 h samples were placed horizontally in a 30
°C shaker bath for incubation. After 48 h, these samples were also frozen.
Extraction and preparation of supernatant samples
Frozen 0 and 60 h samples were extracted with chloroform to determine

residual ABj content. Samples were allowed to thaw at room temperature for

approximately 1 h. After thawing, each 25 ml sample was poured into a Nalgene®
separatory funnel. Twenty-five ml of HPLC grade chloroform were added to each
original flask and decanted into the proper separatory funnel as a rinse to reduce
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error from sample loss. Each sample was extracted 2 min with vigorous shaking.
The organic layer (bottom) was decanted through a funnel lined with a Whatman
No. 4 filter paper containing approximately 15 g of anhydrous sodium sulfate into
a foil covered 500 ml roimd-bottom flask. This extraction was repeated three

times with each organic fraction being added to the round-bottom flask.
Chloroform was evaporated from each flask using a Rotavapor-R apparatus
(Buchi, Switzerland) at 50-55 °C to a volume of approximately 1 ml. The
remaining contents of each round-bottom flask were pipetted into a 4 ml amber

glass vial. Flasks were rinsed with another 1 ml aliquot of chloroform which was

again pipetted into the proper vial. Each sample vial was evaporated to dryness
under nitrogen by placing the vial in a warm water bath. Each dried sample was
reconstituted with 0.5 ml of HPLC grade acetonitrile and filtered through an 0.45

Mm CR PTFE filter (Gelman Sciences). Samples were stored at -20 °C until
HPLC analysis.
Extraction and preparation of membrane and cytosol fraction samples

All samples were extracted using a miniaturized version of the
aforementioned extraction procedure. Five ml aliquots of chloroform were added

to each sample tube, and tubes were vigorously shaken for 2 min. The aqueous

layer (top) was carefully pipetted into another 30 ml test tube. The aqueous layer
of some of the samples was very viscous and difficult to remove completely
without also removing a small portion of the organic layer. A small amount of

103

the aqueous layer was allowed to remain with the organic layer in samples that
were viscous to increase accuracy since a subsequent drying and filtering step was

incorporated. Extraction of the aqueous component was repeated three times
with the organic layers of each sample being combined. The combined organic
fractions of each sample were filtered through a Whatman No. 4 filter paper

containing approximately 15 g of anhydrous sodium sulfate and collected in a 100
ml round-bottom flask. Ten ml of chloroform was used to rinse each sample tube

and was poured through the sodium sulfate into the round-bottom flask. Samples
were then evaporated, reconstituted, and prepared for HPLC analysis as
previously described.
HPLC analysis of residual aflatoxin

A Waters HPLC system (Millipore Corporation, Milford, MA)comprised
of a Model U6K injector and two Model 501 solvent pumps was used for analyses.

The system was controlled by the Baseline 810 Chromatography Workstation
Version 3.3 software (Millipore Corporation). A Waters fluorescence detector
Model 420-E, using a mercury lamp and having filters with a 360 nm excitation
wavelength and a 440 nm emission wavelength, was used. The system was

operated at 1.4 ml/min isocratic solvent flow with gain set at 4 on the
fluorescence detector. A reverse-phase HPLC procedure was performed utilizing

a Waters /u-Bondapak Cjg column (3.9 mm x 300 mm steel colunm)(Millipore
Corporation). The colunm was stored in methanol when not in use. Before
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analyses, the column and system were equilibrated by running the analytical
mobile phase at 0.5 ml/min for approximately 2 h. For equilibration purposes
and retention time confirmation, 20 /ig of afiatoxin

standard in acetonltrile

were injected twice before sample analysis. The elution solvent developed by
Gregory and Manley (7) was used for analyses. A solvent mixture of wateracetonitrile-methanol (66 : 25.2 : 8.8) was prepared by filtering each solvent

component through an 0.45 nm PTFE filter disc (Gelman Sciences) and
combining components in a flask. This solvent mixture was degassed under
vacuum for 5 min. Gregory and Manley (7) indicated that the acetonitrile

component may be varied slightly to optimize individual colunrn resolution;
however, adjustment was not necessary in these experiments.

Extracted samples reconstituted in 0.5 ml of acetonitrile were removed
from frozen storage and allowed to warm to room temperature for approximately
1 h. Twenty /il of sample were injected into the HPLC at a flowrate of 1.4

ml/min using an 18 min run time. Afiatoxin removal was calculated as a
percentage decline in peak area during the specified incubation period.
RESULTS AND DISCUSSION

Supernatant obtained from 24 h growth of F. aurantiacum removed an

average of 16% of AB^ at an initial concentration of 2.0 Mg/ml during incubation
for 60 h at 30 °C (Table 5.1). The cell pellet obtained during supernatant

preparation was processed further by ultracentrifugation to yield a cytosol and
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TABLE 5.1. Degradation ofppm levels of aflatoxin
by cell-free
supernatant and cellular fractions of F. aurantiacum at 30 °C.

Sample tested

Initial ABj
level (/ig/ml)

Incubation

period (h)

aflatoxin

removed(%)

Cell-free supernatant

2.0

60

16

Phosphate buffer only

5.0

48

0

Cytosol fraction

5.0

48

99

Membrane fraction

5.0

48

27

106

membrane fraction. Each of these fractions were reconstituted to 5 ml with

phosphate buffer and tested for aflatoxin degrading activity (aflatoxin was added
at 5.0 jug/ml). After 48 h of incubation at 30 °C, the cytosol fraction removed

99% of the ABi peak area. Only a small amount(27%) of this peak area was
removed by the membrane fraction (Table 5.1).
Preliminary experiments indicated that small reductions in AB^
concentration often occur during incubation even in uninoculated broth control
samples. This slight loss of ABj may be due to small amounts of ultraviolet
radiation, oxidation reactions, or chemical/physical binding of aflatoxin to various
test system components. Perhaps this explains the small reductions in AB^ peak
areas seen with supernatant and membrane fractions. It is, however, possible that
a small amount of the enzyme(s) responsible for AB^ degradation observed in the

cytosol fraction was present in the other two fractions. Detoxification of
xenobiotics is frequently not the act of a single enzyme but the result of sequential
action by several (13). Previous studies in our laboratory have shown that the
degradation of AB^ and AG^ lead to the formation of at least one intermediate
product (chapter 4). It is, therefore, likely that more than one enzyme is involved
in the complete elimination of aflatoxin from solution by F. aurantiacwn.
Kawai and Yamanaka (14) studied the removal of polyethylene glycol

(PEG)from solution by Flavobacterium sp. They found that PEG removal was
the result of a PEG dehydrogenase and that this enzyme was present in the cell

membrane of the organism. They speculated that the enzyme plays a major role
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in the aerobic metabolism of PEG (14). Mulbry and Kams (20) investigated the
hydrolase activity of three gram-negative bacterial strains in the degradation of
parathion. They found 90% of the hydrolase enzyme activity of Flavobacterium
ATCC 27551 associated with the membrane fraction. However, a second strain

(termed Bl) revealed >95% of the hydrolase activity in the cytosolic fraction.
Further results indicated differences in structure and substrate specificities of the
enzymes isolated from these three strains (20).

CONCLUSIONS

This investigation indicates that cellular constituents of F. aurantiacum are

effective as a means of removing ppm levels of AB^ from solution. The cytosol
fraction of F. aurantiacum removed 99% of AB^ from solution over a 48 h period.
The enzyme(s) present in this fraction responsible for AB^ degradation were
constitutive since the inoculum was grown in tryptic soy broth only and had not
been exposed to ABj prior to testing.
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VI. IMPLICATIONS OF RESEARCH

Aflatoxin contamination of agricultural crops and food products is a

significant concern both economically and in terms of health risks to man and
livestock. Techniques used traditionally to decontaminate products have
disadvantages that might be overcome using biological detoxification methods.

Almost all biological degradations of xenobiotics involve enzyme reactions. This
research successfully isolated the fraction of Flavobacterium aurantiacum cells
(cytosol) having aflatoxin degrading activity. The enzyme or enzyme system

responsible for activity was constitutive. It was determined also that this organism
was rather non-specific in its choice of aflatoxin structural form as a substrate.
However, the different forms of aflatoxin were not degraded with the same

efficiency, and preferential degradation of G aflatoxins seems to occur in the
presence of B toxins.

The efficiency of the cytosol fraction in AB^ removal indicates that
promising results in the areas of enzyme purification, characterization, and
identification may be realized. Detection of intermediate compounds during

incubation dictates that these compounds be isolated, identified, and tested for
toxicity. This investigation observed aflatoxin degradation in tryptic soy broth at
pH 7.0. Different results might be obtained in food products where conditions are
not the same and inhibitors could be present.
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The preferential degradation of certain toxin forms is of considerable
concern since aflatoxins occur in many commodities in combination. Research
needs to characterize this process looking at other forms of the toxin in

combination with AB^, the most toxic form. Toxin level should be evaluated in
these investigations.
Several flavobacteria harbor plasmids which code for xenobiotic

degradation. Studies need to be performed to determine the presence of any such

plasmid for aflatoxin degradation in F. aurantiacum. A plasmid coding for this
degradation might be valuable in enhancing the degrading activity of F.
aurantiacum or other microorganisms.
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